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Contribution  from  the  North  Carolina  Experiment  Station.^ 

FACTORS  OF  AVAILABII^ITY  OF  PI,ANT  FOOD. 


By  G.  S.  FRAPS. 


Plant  food  which  can  be  removed  from  the  soil  by  a  crop  is 
said  to  be  available.  When  fertilization  with  phosphoric  acid 
produces  a  decided  increase  in  crop,  the  soil  is  said  to  be  de- 
ficient in  available  phosphoric  acid.  Deficiency  in  available 
potash  or  nitrogen  is  judged  in  the  same  way.  A  rich  soil 
contains  abundant  supplies  of  available  plant  food ;  a  poor 
soil  may  be  deficient  in  one  or  more  essential  elements,  though 
other  influences  may  cause  a  soil  which  contains  an  abundance 
of  available  plant  food  to  yield  poor  crops.  The  term  "  avail- 
able" refers  to  the  plant  food  which  can  be  taken  up  from  the 
soil  by  a  crop  and  has  especial  reference  to  the  effect  of  phos- 
phoric acid,  potash,  or  nitrogen  in  increasing  yields. 

Deficiency  in  available  plant  food  is  usually  judged  from 
plot  or  pot  tests,  with  the  use  of  different  fertilizers.  Field 
experiments  must  be  carried  out  at  least  two  years,  and  even 
then  the  conclusions  are  not  always  reliable.* 

For  several  decades  chemists  have  been  endeavoring  to  de- 
vise a  method  for  the  determination  of  available  plant  food  in 
soils.     The  search  has  been  for  solvents  which  would  always 

*  This  work  was  performed  in  this  laboratory  with  the  permission  of  Prof.  W.  A. 
Withers,  Chemist. 

2  See  Hartwell :  Proc.  Assoc.  Oflfic.  Agr.  Chem.,  1900,  p.  73. 
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dissolve  less  phosphoric  acid  from  soils  deficient  in  this  ele- 
ment than  from  fertile  soils,  and  less  potash  from  those  de- 
ficient in  potash  than  from  fertile  soils.  While  valuable  re- 
sults have  been  obtained  in  this  work,  we  have  as  yet  no 
method  which  can  be  relied  upon  to  show  whether  a  soil  re- 
quires fertilization  with  potash  or  phosphoric  acid.  Solvents 
are  known  which  furnish  valuable  data  with  certain  kinds  of 
soils,  but  fail  with  others.  It  is  possible  that  this  is  in  part 
due  to  the  fact,  as  Hartwell^  has  pointed  out,  that  the  soils 
wo'fted  on  may  not  be  deficient  in  what  they  are  supposed  to 
^e.',  .'I'ti&'&.l&o  possibly  due  to  lack  of  consideration  of  other 
iactors  than  solubility. 

Very  often  there  is  no  relation  between  the  plant  food  dis- 
solved by  a  given  method  and  the  fertility  of  different  soils. 
Under  such  circumstances,  the  rule  has  been  to  decide  that 
the  method  of  determining  available  plant  food  is  at  fault. 
The  authors  of  a  recent  article,  however,  who  assumed  that 
the  plant  food  dissolved  by  water  from  soils  was  a  measure  of 
the  available  food,  have  gone  so  far  as  to  conclude  that,  since 
there  is  no  relation  between  the  water-soluble  plant  food  in  a 
soil  and  its  fertility,  the  latter  does  not  depend  on  the  amount 
of  available  plant  food  in  the  soil,  but  on  unknown  physical 
factors. 

Factors  of  Availability . 

Considering  availability  as  referring  to  the  plant  food  taken 
from  the  soil  by  crops,  under  favorable  conditions  of  moisture, 
temperature,  etc.,  it  is  well  to  consider  whether  other  factors 
than  the  solubility  of  the  plant  food  are  not  involved.  It  is  a 
very  well-known  fact  that  in  the  case  of  nitrogen  the  amount 
of  nitrates  is  no  measure  of  the  available  nitrogen,  since  the 
presence  of  2  or  20  parts  of  nitrates  per  million  is  no  indication 
how  much  or  how  little  nitrates  will  be  produced  during  the 
growing  season  of  the  crop.  Further,  complex  silicates  are 
known  to  decompose  in  the  soil,  with  the  production  of  more 
soluble  compounds  of  potash.  This  process  may  take  place  so 
slowly  as  to  be  inappreciable  from  year  to  year,  but  in  long 

I  See  Hartwell :  Proc.  Assoc.  Offic.  Agr.  Chem.,  1900,  p.  73. 
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periods  of  time  weathering  is  of  importance.  Four  factors,  or 
rather  groups  of  factors,  may  be  considered  as  influencing  to  a 
greater  or  less  extent  the  availability  of  any  given  element  of 
plant  food.     These  are  as  follows : 

1.  The  quantity  of  the  element  present  at  the  beginning  of 
the  growing  season  in  forms  of  combination  which  can  be 
directly  absorbed  by  plants.  This  may  be  called  chemical 
availability. 

2.  The  condition  of  the  soil  particles.  Compounds  chem- 
ically available  may  be  protected,  or  enclosed,  so  as  not  to  be 
exposed  to  the  action  of  soil  moisture  or  plant  roots.  This 
may  be  called  physical  availability . 

3.  The  amount  of  the  element  transformed  during  the  grow- 
ing season  into  forms  of  combination  which  can  be  directly 
absorbed  by  the  plant.  Processes  of  weathering  slowly  trans- 
form the  less  soluble  into  more  soluble  compounds.  This 
factor  is  certainly  of  importance  in  the  case  of  nitrogen  ;  its 
importance  in  the  case  of  potash  and  phosphoric  acid  remains 
to  be  determined.  This  factor  may  be  called  weathering 
availability . 

4.  The  nature  of  the  plant.  Plants  differ  in  their  capacity 
for  absorbing  plant  food.  It  has  been  disputed  whether 
plants  do  not  take  up  all  their  food  from  soil  solutions,  but 
however  this  may  be,  plants  differ  in  their  capacity  to  absorb 
food.     We  will  call  this  factor  physiological  availability . 

Thus  four  factors  have  been  included  under  the  term  avail- 
ability. Chemists  have  chiefly  directed  their  attention  to  the 
first,  namely,  the  chemical  availability,  more  particularly 
with  reference  to  the  solubility  of  the  plant  food.  The  other 
factors  cannot  be  disregarded  until  their  non-importance  has 
been  established.  It  remains  to  be  demonstrated  whether  the 
lack  of  success  in  finding  a  solvent  for  estimating  available 
plant  food  is  due  to  incomplete  knowledge  in  regard  to  the 
soils  worked  on,  or  to  neglect  of  those  other  factors,  or  both. 

Chemical  Availability . 

The  solvent  power  of  plants  has  not  yet  been  worked  out. 
It  is  certain  that  plant  roots  can  take  up  plant  food  dissolved 
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in  the  soil  water,  but  to  what  extent  they  can  act  upon  undis- 
solved food  is  not  known.  The  intimate  contact  of  soil  par- 
ticles and  roots,  the  presence  of  acid  juices  in  the  roots,  and 
certain  experiments,  are  in  favor  of  the  view  that  plants  can 
take  up  food  from  other  than  the  soil  solution. 

Cell  walls  of  plant  roots  are  semipermeable  membranes, 
penetrable  by  K,  PO^  and  other  ions.  On  one  side  of  the  cell 
wall  is  an  acid  solution,  which  must  be  dissociated  to  a  cer- 
tain extent  with  the  production  of  hydrogen  ions  ;  on  the 
other  side,  the  soil  particles.  According  to  the  laws  of  diffu- 
sion, the  hydrogen  ions  should  penetrate  the  cell  walls  and 
act  upon  the  soil  particles,  bringing  insoluble  bodies  into 
solution. 

Dietrich^  grew  plants  in  pots  of  new  red  sandstone  and 
basalt,  which  was  also  allowed  to  weather  in  pots  kept  free 
from  vegetation.  At  the  end  of  the  experiment  the  mineral 
matter  in  the  plant  was  added  to  that  dissolved  from  the  soil 
by  I  per  cent  nitric  acid,  and  the  mineral  matter  made  soluble 
by  weathering  was  subtracted.  The  difference  represents 
the  solvent  effect  of  the  plants  : 

Solvent  Action  of  Plants. 

Total  mineral  matter. 
Plant.  Sandstone.  Basalt. 

Gram.  Gram. 

Three  lupine  plants  0,6080  o«7492 

Three  pea  plants  0.4804  0.7132 

Eight  wheat  plants  0.0272  0.1958 

Eight  rye  plants  0.0137  0.1316 

This  is  certainly  evidence  that  plants  can  take  up  mineral 
matter  other  than  that  in  the  soil  solution.  The  figures  also 
exhibit  a  striking  difference  in  the  solvent  powers  of  the 
plants. 

Physiological  Availability. 

A  difference  in  the  power  of  plants  to  take  food  from  the 
soil  has  been  recognized  for  some  time.  Kossovich'  divides 
plants  into  five  groups,  according  to  their  ability  to  assimilate 
the  phosphoric  acid  of  phosphates,     i.  Plants  of  high  capac- 

»  Jsb.  Agr.  Chem.,  1863,  p.  i. 
»  Expt.  SU.  Rec,  13,  265. 


Availability  of  Plant  Food.  5 

ity — mustard,  buckwheat,  hemp,  winter  rye.  2.  Plants  of 
medium  capacity — peas,  barley,  summer  rye,  beets.  3. 
Plants  of  low  capacity — potatoes,  vetch,  oats.  4.  Plants  al- 
most devoid  of  capacity — millet,  flax,  clover. 

Wagner^  states  that  under  the  most  favorable  conditions 
the  following  percentages  of  the  nitrates  added  to  a  soil  are 
recovered  in  the  crop  : 

90  per  cent  by  potatoes,  carrots,  turnips  ; 

75  per  cent  by  oats  and  flax  ; 

60  per  cent  by  barley,  summer  wheat,  summer  rye  ; 

55  per  cent  by  rape,  mustard. 
Without  going  into  the  cause  of  these  differences,  it  is  clear 
that  differences  exist,  and  that  a  soil  may  contain  sufficient 
available  plant  food  for  one  crop,  and  yet  be  deficient  in  one 
or  more  elements  for  another. 

Weathering  Availability. 

This  is  the  term  applied  to  the  transformation  of  plant  food 
from  unavailable  to  chemically  available  forms  during  the 
growth  of  the  crop.  It  is  certainly  of  great  importance  in  the 
case  of  nitrogen.  The  activity  of  weathering  depends  upon 
a  number  of  sub-factors,  such  as  the  nature  of  the  soil,  the 
temperature,  etc. 

Reverse  Weathering. — This  term  may  be  applied  to  chem- 
ical reactions  in  the  soil  which  convert  chemically  available 
plant  food  into  unavailable  forms.  Whether  the  fixing  of 
potash  salts  by  zeolitic  silicates  is  not,  in  part,  reverse  weath- 
ering remains  to  be  decided,  but  the  transformation  of  soluble 
phosphates  into  aluminium  and  iron  phosphates  is  very  prob- 
ably such  a  change. 

EXPERIMBNTAL  PART. 

Effect  of  Weathering  upon  Chemically  Available  Food. 

The  objects  of  this  work  were  two  :  to  ascertain  if  the  effect 
of  weathering  upon  chemically  available  potash  and  phos- 
phoric acid  could  be  neglected ;  and  second,  to  determine  the 

'  Landw.  Versuchs-Sta.,  43,  137. 
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effect  on  weathering  of  various  additions  to  the  soil,  particu- 
larly organic  matter. 

The  plan  of  the  experiment  comprehended  the  use  of  several 
solvents  to  determine  the  effect  of  weathering.  The  work 
has,  however,  been  confined  to  N/5  and  N/50  nitric  acid.  The 
former  solvent  has  been  used  to  a  considerable  extent  for  the 
determination  of  available  phosphoric  acid  and  potash. 
While  N/5  nitric  acid  cannot  be  asserted  to  be  a  measure  of 
the  chemically  available  plant  food  with  soil,  yet,  since  it  has 
been  used  for  available  food,  it  will  aid  in  deciding  whether 
the  factor  of  weathering  is  to  be  neglected.  It  is  not  believed 
by  the  author  that  the  plant  food  dissolved  by  N/5  acid  repre- 
sents the  chemically  available  plant  food  in  the  soil. 

Plan  of  Experiment. — Three  soils  were  selected,  and  from 
each  soil  a  series  of  jars  (containing  2500  grams  soil)  were 
prepared,  with  additions  as  follows  : 

Jars  I  and  11,  nothing  ; 

Jars  3  and  13,  calcium  carbonate  (25  grams)  ; 

Jars  5  and  25,  calcium  sulphate  (25  grams)  ; 

Jar  7,  starch  (200  grams)  ; 

Jar  9,  sawdust  (200  grams). 
Jars   I,  3,  5,  7,  and  9  were  kept  moist  by  the  addition  of 
water  at  the  beginning  of  the  experiment  and  at  intervals 
during  the  period  (three  months).     Jars   11,  13,  and  15  were 
kept  dry  for  comparison. 

At  the  end  of  the  period  the  samples  were  dried  and  potash 
and  phosphoric  acid  determined  with  N/5  (and  potash  with 
N/50)  nitric  acid  according  to  the  methods  of  the  Association 
of  Official  Agricultural  Chemists  for  N/5  hydrochloric  acid. 
The  determinations  were  not  made  in  duplicate. 
The  soils  are  described  as  follows  : 

1786.  Sandy  soil  from  the  State  farm  of  the  North  Caro- 
lina Department  of  Agriculture,  furnished  through  Prof.  B. 
W.  Kilgore. 

1787.  Cecil  sandy  loam  from  farm  of  A.  and  M.  College,, 
near  Raleigh.     A  good  soil. 

1788.  Durham  sandy  loam  from  College  farm.     Very  poor. 
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Weathering  by  Moisture. 

The  effect  of  moisture  alone  on  chemically  available  potash 
and  phosphoric  acid  (measured  with  N/5  nitric  acid)  is  pre- 
sented in  Table  I.  Potash  was  determined  by  N/5  and  N/50 
acid,  and  the  figures  at  the  head  of  the  columns  refer  to  this 
fact.  The  difference  between  the  moist  soil  with  calcium  car- 
bonate and  the  dry  soil  with  calcium  carbonate  does  not  repre- 
sent the  action  of  moisture  alone,  since  the  moisture  brings 
the  calcium  carbonate  into  action.  The  same  may  be  said 
with  regard  to  the  calcium  sulphate. 

There  is  an  average  increase  of  chemically  available  potash 
and  phosphoric  acid  in  two  soils  (about  10  per  cent)  and  a  de- 
crease in  one.  A  difference  in  the  behavior  of  the  three  soils 
is  to  be  observed.  The  general  effect  of  moisture  is  to  in- 
crease the  chemically  available  plant  food  in  the  soils. 

Calcium  carbonate  seems  to  decrease  the  effect  of  moisture, 
since  a  less  gain  or  a  greater  loss  of  chemically  available  pot- 
ash and  phosphoric  acid  takes  place  in  its  presence. 

Effect  of  Calcium  Carbonate  and  Calcium  Sulphate. 

Table  II.  exhibits  the  effect  of  calcium  carbonate  and  cal- 
cium sulphate.  It  is  seen  that  their  presence  in  the  dry  soil 
affects  the  amount  of  phosphoric  acid  or  potash  dissolved  by 
N/5  or  N/50  nitric  acid.  Either  the  presence  of  calcium  salts 
affects  the  solvent  power  of  nitric  acid  of  this  strength,  or  they 
act  upon  the  soil  during  the  extraction  with  the  solvent.  In 
any  event,  a  soil  containing  i  per  cent  calcium  carbonate  or 
sulphate  would  give  up  different  quantities  of  chemically 
available  plant  food  (measured  by  this  solvent)  than  the  same 
soil  without  the  calcium  salts,  and  the  presence  of  these 
substances  would  have  a  profound  effect  upon  the  real  or  ap- 
parent chemical  availability  of  plant  food  in  the  soil. 

With  calcium  carbonate  there  is  an  average  loss  of  chem- 
ically available  phosphoric  acid  with  two  soils,  and  a  loss  of 
potash  in  every  case.  The  loss  is  greatest  with  soil  1787  for 
N/5  acid,  being  about  30  per  cent,  and  about  the  same  with 
soil  1788  with  N/50  acid.     In  every  case,  save  one,  moisture 
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increases  the  effect  of  the  calcium  carbonate  in  decreasing  the 
amount  of  chemically  available  plant  food  present. 

Calcium  sulphate  increases  chemically  available  phosphoric 
acid  in  each  soil ;  it  decreases  potash  in  two  soils,  and  in- 
creases it  in  one. 

The  increase  in  phosphoric  acid  dissolved  from  soil  1787  is 
very  striking,  being  over  35  per  cent.  The  solution  was 
darker  from  the  presence  of  more  dissolved  iron. 

The  decrease  in  dissolved  potash  is  15  to  25  per  cent.  The 
effect  of  calcium  salts  seems  certainly  to  decrease  the  real  or 
apparent  chemically  available  potash  as  measured  by  N/5  or 
N/50  nitric  acid,  as  a  rule,  the  exception  being  soil  1786,  in 
which  the  increase  (moist)  was  about  40  per  cent.  This 
statement  seems  to  be  in  conflict  with  the  general  opinion  that 
calcium  salts  liberate  potash  ;  however,  this  liberation  refers 
to  aqueous  solution,  and  does  not  refer  to  nitric  acid  solution, 
so  that  the  conflict  is  not  real. 

Effect  of  Decaying  Vegetable  Matter, 

These  samples  were  provided  with  sawdust  or  starch  and 
kept  moist  so  as  to  allow  decomposition.  Two  corrections 
were  made  in  the  results  ;  first  they  were  calculated  to  a  soil 
containing  the  original  amount  of  ignition  residue,  thus 
eliminating  the  effect  of  varying  quantities  of  organic  matter, 
and  second,  the  potash  in  the  starch  or  sawdust  was  sub- 
tracted. This  correction  was  certainly  too  high  in  the  case 
of  the  sawdust,  as  not  half  of  it  had  decayed,  but  neverthe- 
less, the  results  show  plainly  the  effect  of  the  organic  matter. 

The  results  are  presented  in  Table  III.  First  is  to  be  noted 
an  average  loss  of  chemically  available  phosphoric  acid 
(measured  by  N/5  nitric  acid).  Possibly  the  phosphoric  acid 
enters  into  combination  with  the  humus. 

Next  will  be  observed  a  very  decided  increase  in  chemically 
available  potash.  The  increase  is  greatest  with  the  poor  soil, 
1788,  being  nearly  100  per  cent ;  with  soil  1787  the  increase  is 
about  35  per  cent.  These  figures  show  that  considerable  changes 
may  take  place  in  chemically  available  potash  in  the  presence 
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of  organic  matter.  The  decaying  organic  bodies  act  upon  the 
soil,  changing  unavailable  potash  into  available  forms.  The 
effect  of  stable  manure  would  be  to  liberate  potash,  as  well  as 
to  furnish  plant  food  and  change  the  physical  properties  of 
the  soil.  This  may  be  a  very  important  function  of  vegetable 
matter  in  the  soil. 

The  presence  of  vegetable  matter  in  a  soil  would  have  a 
decided  effect  on  the  chemically  available  plant  food  present 
at  the  beginning  and  at  the  end  of  the  growing  sf^ason. 

Summary  and  Conclusions. 

1.  Availability  of  plant  food,  as  measured  by  plant  tests, 
includes  four  factors :  chemical  availability,  physical  avail- 
ability, physiological  availability,  and  weathering  availa- 
bility. 

2.  Chemically  available  plant  food  is  that  present  in  forms 
that  can  be  taken  up  directly  by  plants. 

3.  Physical  availability  refers  to  enclosure  in  soil  particles 
or  protection  of  chemically  available  food. 

4.  Physiological  availability  refers  to  the  difference  in  power 
of  plants  to  assimilate  food. 

5.  Weathering  availability  refers  to  the  conversion  of  plant 
food  into  chemically  available  forms  during  the  growing  sea- 
son of  the  plant. 

6.  The  effect  of  weathering  under  different  conditions  was 
studied  on  three  soils,  the  chemical  available  plant  food  being 
measured  by  N/5  or  N/50  nitric  acid.  The  results  vary  some- 
what with  the  nature  of  the  soil. 

7.  Moisture  alone  causes  an  average  increase  in  chemically 
available  potash  and  phosphoric  acid  in  the  soils.  The  in- 
crease is  not  large. 

8 .  Calcium  sulphate  and  calcium  carbonate  cause  an  average 
decrease  in  chemically  available  potash.  Calcium  carbonate 
causes  a  decrease  in  phosphoric  acid,  calcium  sulphate  an  in- 
crease, which  is  especially  large  in  one  case. 

9.  The  presence  of  calcium  salts  in  a  soil  has  a  decided  in- 
fluence on  the  potash  and  phosphoric  acid  extracted  by  N/5 
nitric  acid. 
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10.  Starch  or  sawdust,  in  decaying,  decreases  the  chemically 
available  phosphoric  acid  but  in  each  case  increases  the  potash, 
as  much  as  100  per  cent  in  one  case. 

11.  Stable  manure  is  valuable  not  only  for  the  plant  food  in 
it,  but  for  its  action  in  liberating  potash. 

12.  "Weathering  availability  cannot  be  entirely  disregarded 
in  considering  available  phosphoric  acid  and  potash  in  soils, 
particularly  when  calcium  sulphate  or  carbonate  or  much  or- 
ganic matter  is  present  in  the  soil. 

This  investigation  will  be  continued. 


Contribution  from  the  Kent  Chemical  Laboratory  of  the  University  of  Chicago. 

THE  MOLECULAR  REARRANGEMENT  OF  AMINO- 
PHENYLALKYL CARBONATES. 

By  Henry  T.  Upson. 
PART  III.i 

The  only  derivative  of  this  class  of  compounds  that  was 
known  when  this  work  was  undertaken  was  aminophenyl- 
ethyl  carbonate,  which  was  obtained  by  Ransom  by  the  reduc- 
tion of  (7-nitrophenyl  ethyl  carbonate.  The  latter,  in  turn,  was 
readily  obtained  by  the  treatment  of  <?-nitrophenol  in  alkaline 
solution  with  ethyl  chlorformate.  In  preparing  new  com- 
pounds of  the  above  class,  the  same  general  method  was  fol- 
lowed, varying  the  nature  of  the  nitrophenol  from  which  a 
start  was  made.  The  purification  of  the  derivatives  is  a  mat- 
ter of  considerable  difl&culty,  and  particular  care  was  therefore 
bestowed  on  preparing  the  nitrophenols  in  a  perfectly  pure 
condition.  In  many  cases  long  and  complex  processes  of 
separation  of  isomeric  nitro  compounds  were  repeatedly  used, 
to  insure  purity.  Besides  this  precaution,  it  was  found  that 
the  successful  reduction  of  each  nitrophenyl  alkyl  carbonate 
to  the  amine  required  a  special  study  of  the  particular  condi- 
tions under  which  a  good  yield  of  the  amine  could  be  ob- 
tained. In  view  of  the  instability  of  these  amines,  their  lia- 
bility to  rearrangement  and  to  saponification,  such  a  result 
was  not  unexpected.     In  the  following  description  of  the  com- 

1  For  Parts  I.  and  II.,  vide  Stieglitz  and  Upson  :  This  Journal,  31,  458  (1904). 
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pounds  prepared,  attention  will  therefore  be  paid  particularly 
to  the  experimental  details  of  this  part  of  the  method  of  prep- 
aration. The  experience  gained  with  rather  a  large  number 
of  such  compounds  made  it  possible,  finally,  to  isolate  4-chlor- 
2-aminophenyl  acetate  (see  Part  IV.)  as  the  first  ^-amino- 
phenyl  ester  of  an  acid  other  than  carbonic  acid.  Bottcher 
had  been  unable  to  isolate  such  an  amine  as  an  intermediate 
product  in  the  reduction  of  <7-nitrophenyl  benzoate,  and  in  this 
laboratory  all  previous  attempts  at  the  preparation  of  such  a 
body  had  proved  unsuccessful. 

EXPERIMENTAL,  PART. 

p-Nitrophenyl  Methyl  Carbonate  was  obtained  by  the  action 
of  methyl  chlorformate  on /-nitrophenol  in  alkaline  solution. 
It  is  a  white  solid  soluble  in  ether  and  alcohol  (m.  p.  111°  to 
112°).  It  was  not  analyzed  but  was  identified  by  the  reduc- 
tion to  the 

Hydrochloride  of  p-Aminophenyl  Methyl  Carbonate, 

CHjO.COCjH.NHj.Cl.— This  was  prepared  by  treating  the 
/-nitro  carbonate  with  stannous  chloride  and  hydrochloric 
acid.  There  was  some  difficulty  in  getting  the  body  pure  ; 
although  after  reduction  a  large  yield  of  the  white  body  was 
obtained  by  Ransom's  method,'  the  substance  invariably 
turned  silver  nitrate  black,  and  figures  obtained  from  different 
analyses  did  not  agree.  Enough  of  the  pure  hydrochloride 
to  make  the  conductivity  measurements  was  obtained  as  fol- 
lows : 

The  white  solid  obtained  by  reducing  the  nitro  body  with 
stannous  chloride  was  added  slowly  to  potassium  hydroxide 
which  had  been  ground  to  powder  and  covered  with  50  cc.  of 
absolute  ether,  to  which  i  cc.  of  water  had  first  been  added- 
The  impure  hydrochloride  was  stirred  thoroughly  through  the 
potassium  hydroxide,  the  ether  decanted  and  dried,  and  hy- 
drogen chloride  passed  in.  The  white  precipitate  which 
formed  was  the  pure  hydrochloride,  as  is  shown  by  the  analy- 
sis. 

For  this,  and  the  other  hydrochlorides  which  will  be  de- 

1  This  JODHNAL,  33,  48  (1900). 
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scribed,  the  analyses  were  made  by  titration  with  N/io  silver 
nitrate  solution,  potassium  chromate  being  used  as  indicator. 
The  solutions  were  first  neutralized  with  sodium  carbonate. 
0.21 1 1  gram  substance  required  10.39  cc.  N/io  AgNO,. 

Calculated  for 
CeHioOsNCl.  Found. 

CI  17.41  17-44 

The  body  showed  no  tendency  to  rearrange  when  left  in 
water  for  many  hours. 

0- Nitrophenyl  methyl  carbonate  obtained  from  <7-nitrophenol 
and  methyl  chlorformate  is  a  yellow  mobile  oil. 

Hydrochloride  of  o-Aminophenyl  Methyl  Carbonate, 
I  2 

CHjOjCOCjH^NHjCl,  was  prepared  by  reducing  the  oil  with 

tin  and  hydrochloric  acid  in  the  cold.^     The  mixture  was 

added  to  concentrated  cold  alkali,  extracted  with  ether,  and 

the  extract  precipitated  with  dry  hydrogen  chloride.     The 

yield  of  the  pure  white  solid  was  80  per  cent. 

0.2562  gram  substance  required  12.56  cc.  N/10  AgNO,. 

Calculated  for 
CgHioOsNCl.  Found. 

CI  17.41  17.38 

The  tendency  of  this  body  to  rearrange  and  the  conclusions 
drawn  from  the  conductivity  measurements  have  been  dis- 
cussed in  a  previous  paper.' 

A  large  yield  of  c»-nitro-/»-cresol  was  obtained  by  nitrating 
^-toluidine,  diazotizing  the  crude  amine,  and  distilling  the 
product  with  steam.  The  yield  of  the  pure  nitrocresol,  melt- 
ing at  34°  C,  was  between  75  and  80  per  cent.  This  method 
was  found  better  and  a  larger  yield  was  obtained  than  by  the 
direct  nitration  of^-cresol.^ 

2-Nitro-^-methylphenyl  Ethyl  Carbonate, 

NOjCHsCeHj.OCOjCjHj.— The  addition  of  ethyl  chlorformate 
to  the  alkaline  solution  of  the  nitrocresol  should  be  slow  and 
the  mixture  shaken.  A  yellow  oil  forms  which  solidifies  on 
cooling.     After  crystallization  out  of  alcohol  it  melts  at  56'. 

1  This  Journal,  33,  43  (1900). 

2  Stieglitz  and  Upson :  /dirf.,  31,  458  (1904). 

3  Brasch  and  Freyss  :  Ber.  d.  chem.  Ges.,  24,  i960  (1891). 
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o.i< 
gram 


3  up!>on, 

0.1904  gram  substance  gave  0,3696  gram  COj  and  0.0844 
ram  H,0. 


Calculated  for 
C10H11O5N.  Found. 

C  53-33  52.93 

H  4.89  4.93 

3-Methyl-6oxyphenylurethane,  CH,(OH ) CgH,. NHCO,C,H,. 
— Ten  grams  of  2-nitro-4-methylphenyl  ethyl  carbonate  were 
dissolved  in  alcohol,  25  cc.  concentrated  alcohol  added, 
and  then  slowly  12  grams  granulated  tin.  After  stand- 
ing an  hour  the  solution  was  filtered  and  an  equal  volume  of 
water  added.  The  mixture  was  allowed  to  stand  over  night 
and  the  following  morning  a  quantity  of  white  needles  had 
formed.  These  were  soluble  in  alkali,  insoluble  in  acid,  and 
melted  after  crystallization  from  alcohol  at  101°  C.  The  crys- 
tals continued  to  form  slowly  for  several  days. 

A  more  rapid  method  for  the  preparation  is  as  follows :  Ten 
grams  of  the  ^^-nitro-^-methylphenyl  ethyl  carbonate  were 
placed  in  a  flask  with  24  cc.  concentrated  hydrochloric  acid 
and  14  grams  of  powdered  tin  added  slowly,  the  vessel  being 
kept  cold.  Towards  the  end  of  the  reduction  the  solution 
was  allowed  to  come  to  ordinary  temperature.  As  soon  as  the 
solution  became  clear  it  was  filtered  through  glass  wool,  and 
after  the  addition  of  an  equal  volume  of  water,  was  heated  to 
boiling  for  a  few  minutes.  On  cooling,  a  solid  separated 
which,  recrystallized  from  alcohol,  melted  at  101°.  If  care 
was  not  taken  to  avoid  heat  during  the  reduction,  a  body  was 
invariably  obtained  which  melted  constantly  at  77°,  and  an 
analysis  did  not  give  figures  corresponding  to  any  possible 
constitution,  nor  could  it  be  proved  to  be  a  mixture  by  frac- 
tional crystallization.  It  was  afterwards  found,  however,  to 
be  a  mixture  of  carbonylaminocresol  (m.  p.  128°),  and  the 
urethane  melting  at  101°.  These  two  bodies  mixed  in  equal 
quantities  melt  at  77°. 

0.1408  gram  substance  gave  0.3172  gram  CO,  and  0.0855 
gram  H,0. 
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Calculated  for 
CioH,303N. 

Found. 

c 

H 

61.53 

6.66 

61.45 
6.74 

To  fully  establish  the  constitution  of  the  urethane  melting 
at  101°  it  was  prepared  from  the  hydrochloride  of  ^-amino- 
cresol  and  ethyl  chlorformate.  One  gram  of  the  salt  was  sus- 
pended in  absolute  ether  and  a  slight  excess  of  sodium  car- 
bonate, dissolved  in  a  little  water,  was  added.  After  being 
shaken  with  the  ethereal  solution,  which  had  now  become 
slightly  brown,  the  water  was  separated  and  0.5  molecule  of 
ethyl  chlorformate  added  slowly.  After  filtration  and  evapo- 
ration of  the  ether  a  solid  remained  which,  without  recrystal- 
lization,  melted  at  101°.  Mixed  with  the  urethane  prepared 
by  the  rearrangement  method  there  was  no  depression  of  the 
melting-point.  The  properties  of  this  body  in  other  respects 
were  identical  with  those  of  the  rearranged  body  formed  by 
the  reduction  of  the  nitrocresyl  carbonate. 

I  4        2 

Carbonyl-o-amino-p-cresol,    O — CjHjCHjNHCO. — To   prove 

I I 

that  in  the  preparation  of  the  urethane  by  either  of  the  above 
methods  no  alcohol  had  been  lost,  and  carbonyl-<7-amino-^- 
cresol  formed — a  reaction  to  which  these  urethanes  are  par- 
ticularly liable — the  urethane  was  heated  carefully  in  an 
Anschiitz  distilling-flask.  At  a  temperature  above  110°  de- 
composition took  place  and  a  liquid  distilled  over  which  the 
iodoform  test  proved  to  be  alcohol.  The  heating  was  con- 
tinued until  no  further  decomposition  took  place  and  the  con- 
tents of  the  flask  were  poured  while  still  hot  into  an  evapora- 
ting-dish.  The  liquid  solidified  at  once  to  a  very  hard  mass. 
This  was  ground  into  a  powder,  covered  with  water,  and 
heated  to  boiling  with  bone-black.  It  was  filtered  while  still 
hot,  and  white  needles  separated  out  of  the  filtrate  while  cool- 
ing. The  needles  were  recrystallized  out  of  hot  water  and 
melted  sharply  at  128°.  Mixed  with  the  body  that  melted  at 
101°,  the  melting-point  was  77°.  The  carbonyl  body  is  solu- 
ble in  alcohol,  ether  and  chloroform. 
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0.1539  gram  substance  gave  13.5  cc.  N.  at  26°. 5  and  753 
mm. 

Calculated  for 

C10H7O2N.  Found. 

N  9.39  9.60 

The   Hydrochloride   of  2-Amino  4.-7nethyiphenyl  Ethyl   Car- 

bo7iate,  CjH^OjCOCeHsCHjNHjCl.— In  the  first  attempt  to  re- 
duce the  2-nitro-4-methylphenyl  ethyl  carbonate,  an  alcoholic 
solution  of  the  nitrocarbonate  was  used.  This  was  done  be- 
cause, at  the  low  temperature  at  which  the  experiment  was  to 
be  carried  out,  the  reduction  was  very  slow.  Previous  ex- 
periment had  shown  that  the  amine  would  quickly  suffer  re- 
arrangement, and  it  was  important  to  have  the  reduction  com- 
pleted as  soon  as  possible.  The  attempts,  however,  to  isolate 
the  amine  hydrochloride  after  reduction  in  alcoholic  solution 
were  unsuccessful,  because,  as  was  afterwards  found  out,  the 
amine  hydrochloride  is  quite  soluble  in  ether  containing  alco- 
hol, and  could  therefore  not  be  precipitated  from  the  ethereal 
solution  by  the  method  which  we  used. 

The  following  method  gave  a  yield  of  70  per  cent  of  the 
pure  amine  hydrochloride.  Two  grams  of  the  nitro  com- 
pound were  covered  with  15  cc.  of  concentrated  hydrochloric 
acid  and  cooled  to  about  10°.  More  than  the  calculated 
amount  of  granulated  tin  was  added  in  small  portions,  the 
vessel  being  constantly  shaken  and  the  nitrocarbonate  kept 
as  finely  divided  as  possible  by  rubbing  with  a  glass  rod. 
The  temperature  was  not  allowed  to  rise  above  the  tempera- 
ture of  the  hand.  If  the  reduction  is  slow,  the  entire  vessel 
will  fill  with  a  white  mass  which  contains  both  organic  and 
inorganic  matter  and  is  probably  a  tin  double  salt.  If  filtra- 
tion is  made  after  the  reduction  has  been  going  on  but  for  a 
short  time,  the  precipitation  of  the  tin  double  salt  may  be 
avoided.  The  best  results,  however,  were  obtained  by  al- 
lowing the  reduction  to  continue  until  all  of  the  nitrocar- 
bonate had  disappeared.  The  contents  of  the  vessel  were 
then  cooled  and  added  slowly  to  a  very  cold  solution  of  50 
grams  potassium  hydroxide  dissolved  in  50  cc.  of  water.  The 
mixture  was  extracted  a  number  of  times  with  absolute  ether 
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and  dried  with  solid  potassium  hydroxide.  Into  the  filtrate  a 
slow  stream  of  dry  hydrogen  chloride  was  passed,  and  a 
copious  white  precipitate  was  formed.  This  was  filtered  and 
dried  at  once  on  a  clay  plate  in  a  desiccator.  It  is  soluble  in 
alcohol  and  dilute  acid,  and  melts  with  decomposition  at  135° 
to  137°. 

0.1545  gram  hydrochloride  required  6.75  cc.  N/io  AgNO,. 

Calculated  for 
C10H14O3NCI.  Found. 

CI  15-34  15-44 

The  reduction  was  also  carried  out  with  concentrated  hy- 
drochloric acid  and  zinc  dust.  The  result  was  in  general  the 
same  as  that  obtained  with  granulated  tin. 

One-half  gram  of  the  hydrochloride  was  dissolved  in  as  lit- 
tle water  as  possible  and  a  concentrated  solution  of  chlor- 
platinic  acid  added.  In  a  few  minutes  the  chlorplatinate 
formed  as  a  yellow  precipitate.  This  was  filtered  and  washed 
with  ether  containing  a  little  alcohol.  The  chlorplatinate  is 
insoluble  in  ether,  but  soluble  in  alcohol.  It  melted  above 
171°,  with  blackening. 

0.0140  gram  substance  gave  0.0034  gram  Pt. 

Pt 

3-Methyl-6-oxyphenylurethane,Q,'k^{OYL)^^^^YLQ.O^(^;R^.— 
One  gram  of  the  hydrochloride  was  dissolved  in  water  and  in 
a  very  short  time  white  needles  separated  from  the  solution. 
These  continued  to  form  for  more  than  twenty-four  hours. 
The  crystals  melted  at  101°,  and,  mixed  with  the  urethane 
prepared  as  above,  showed  no  depression  of  the  melting- 
point.  Other  properties  were  also  identical.  This  is  in  fact 
the  best  and  quickest  method  for  obtaining  perfectly  pure 
3-methyl-6-oxyphenylurethane. 

2-Nitro-m-cresol  (m.  p.  56°)  was  prepared  by  nitrating 
w-cresol  in  glacial  acetic  acid  solution  at  a  low  temperature 
with  fuming  nitric  acid  and  distilling  the  product  with  steam. ^ 

1  Staedel  and  Kolb  :  Ann.  Chem.  (Webig),  359,  210  (1890). 


Calculated  for 
CoHaoOeNjPtClg. 

Found. 

24.28 

24.28 

20  Upson. 

2-Nitro-^-methylphenyl  Ethyl  Carbonate. — From  an  alkaline 
solution  of  the  nitrocresol  (m.  p.  56°)  and  ethyl  chlorformate 
a  yellow  oil  separated  which  solidified  when  the  vessel  was 
cooled  to  — 5°,  but  remained  an  oil  at  ordinary  temperatures. 
Allowed  to  stand  with  a  solution  of  potassium  hydroxide  it 
becomes  red,  showing  a  gradual  saponification  to  the  potas- 
sium salt  of  ^-nitro-w-cresol. 

0.3030  gram  substance  gave  17.55  cc.  N  at  25°  and  730  mm. 

Calculated  for 
CioHuOsN.  Found. 

N  6.22  6.24 

Hydrochloride  of  2-Amino-3-inethylphenyl  Ethyl  Carbonate, 

C.HsO.COCeH^CHjNHjCl.— Two  grams  of  the  carbonate  were 
reduced  by  the  method  described  above  for  the  isomeric  com- 
pound and  the  hydrochloride  of  the  amine  was  isolated  in  the 
same  way.     The  yield  was  60  to  70  per  cent. 

0.1695  gram  substance  required  7.35  cc.  of  N/io  AgNO,. 

Calculated  for 
CioHuOsNCl.  Found. 

CI  15-34  15-37 

The  hydrochloride  (0.4  gram)  was  dissolved  in  a  very  lit- 
tle water  and  a  concentrated  solution  of  chlorplatinic  acid 
was  added.     A  yellow  precipitate  formed  which  was  filtered 
and  washed  with  ether  containing  a  little  alcohol. 
0.0210  gram  chlorplatinate  gave  0.0051  gram  Pt. 

Calculated  for 
C!)oH3o06N2PtCle.  Found. 

Pt  24.28  24.27 

4-Methyl-6-oxyphenylurethane,  CHgCOH  )CjH,NHC0,C,H5.— 
One  gram  of  the  hydrochloride  of  the  amine  was  treated  with 
water.  The  entire  solid  went  into  solution  at  once,  but  on 
standing  crystals  began  to  form  and  continued  to  form  for 
several  hours.  The  crystals  were  soluble  in  alcohol,  ether, 
and  chloroform,  insoluble  in  acid,  but  soluble  in  alkali.  They 
melted,  after  recrystallization  from  boiling  water,  at  95°. 

0-I295  gram  substance  gave  0.2915  gram  CO,  and  0.0781 
gram  H,0. 
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Calculated  for 
CioHisOgN.  Found. 

C  61.53  61.39 

H  6.66  6.71 

2'Nitro-6-methylphenyl  ethyl  carbonate  was  obtained  from 
o-nitro-^-cresoP  (m.  p.  70°)  as  a  yellow  oil.  This  was  ex- 
tracted with  ether  which  was  allowed  to  evaporate  and,  on 
cooling,  the  oil  crystallized  to  yellow  needles.  For  purifica- 
tion they  were  dissolved  in  alcohol  and  precipitated  by  water. 
2-Nitro-6-methylphenyl  ethyl  carbonate  readily  remains  an 
oil  at  ordinary  temperatures,  but  the  pure  crystals  showed  a 
melting-point  of  32°  to  33°.  A  slight  impurity  prevents 
solidification  to  a  great  extent.  Five  grams  of  the  oil  were 
kept  in  cold  winter  weather  for  more  than  a  week  below  o** 
without  solidifying.  The  first  combustion  gave  figures  which 
were  high  for  nitrogen,  but  after  two  crystallizations  from 
alcohol  a  pure  body  was  obtained. 

0.3554  gram  substance  gave  21.5  cc.  N  at  24°  and  724  mm. 

Calculated  for 
CioHnOsN.  Found. 

N  6.22  6.50 

Hydrochloride  of  2-Amino-6-ntethylphenyl  Ethyl  Carbonate, 

I  6      2 

CjHjOjCOC.H.CH.NH.Cl.— Considerable  difficulty  was  ex- 
perienced in  reducing  6-methyl-2-nitrophenyl  ethyl  carbonate. 
This  may  have  been  due  to  the  quality  of  tin  which  was  used 
at  this  stage  of  the  experiment,*  or  to  a  failure  to  find  the 
proper  temperature  at  which  the  reduction  could  be  carried 
out.  The  final  method,  which  gave  about  65  to  70  per  cent 
yield  of  the  amine  hydrochloride  was  as  follows  : 

One  gram  of  the  carbonate  (m.  p.  32°)  was  covered  with 
12  cc.  concentrated  hydrochloric  acid  and  cooled.  An  excess 
of  granulated  tin  was  added  and  the  whole  shaken  and  kept 
cold.  (A  reduction  was  afterwards  carried  out  at  ordinary 
temperature  with  a  good  result  except  a  slight  brown  appear- 

1  A.  W.  Hofmann  and  Miller  :  Ber.  d.  chem.  Ges.,  14,  561  (1881)  ;  R.  Hirsch  :  Ibid., 
18,  1512  (1S85). 

2  The  quality  of  the  tin  used  had  quite  an  influence  upon  the  result  of  the  reduc- 
tions carried  out  in  this  work.  Recourse  has  been  had  to  three  separate  shipments 
of  granulated  tin.  The  last,  which  was  obtained  from  Kahlbaum,  gare  much  the 
best  results. 
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ance  of  the  final  product.)  After  a  time  the  vessel  filled  with 
a  white  solid  which  was  added  slowly  to  a  very  cold  solution 
of  potassium  hydroxide  (i  :  i).  The  dried  ethereal  extract 
gave  with  dry  hydrogen  chloride  the  salt  as  a  white  precipi- 
tate. A  little  alcohol  in  the  ether  or  the  presence  of  traces  of 
water  diminishes  the  yield.  The  hydrochloride  is  very  solu- 
ble in  water,  soluble  in  alcohol,  but  insoluble  in  ether. 
0.2022  gram  substance  required  8.84  cc.  N/io  AgNOj. 

Calculated  for 
C10H14O3NCI.  Found. 

CI  15-34  15-49 

A  saturated  solution  of  chlorplatinic  acid  was  added  to  a 
saturated  solution  of  the  hydrochloride.     A  yellow  precipitate 
formed  which,  after  being  washed  with  ether  containing  a  lit- 
tle alcohol  and  dried  in  a  vacuum-desiccator,  was  analyzed. 
0-351  gram  substance  gave  0.0850  gram  Pt. 

Calculated  for 
CaoHsoOeNaPtCle.  Found. 

Pt  24,28  24,22 

5  6  I 

S-Methyl-6-oxyphenylurethane,  CH,(OH)C6HsNHCO,C,H5. 
— One  gram  of  the  hydrochloride  of  the  amine  dissolved  in 
water  gradually  gave  white  needles  on  standing.  These 
were  soluble  in  alcohol  and  ether,  insoluble  in  acid,  but  solu- 
ble in  alkali.  They  melted  after  crystallization  from  hot 
water  at  74°  to  76°, 

0.2051  gram  substance  gave  0.4610  gram  CO^  and  0.1255 
gram  H,0. 

Calculated  for 
C10H13O3N.  Found. 

C  61.53  61.31 

H  6.66  6.80 

The  4-chlor-2-nitrophenol  used  for  the  following  experi- 
ments was  prepared  both  by  the  nitration  of  the  crude  prod- 
uct obtained  by  the  chlorination  of  phenol  according  to  the 
method  of  Faust  and  Saame,*  and  also  by  nitration  of  pure 
/-chlorphenol.  In  both  cases  the  body  melting  at  87°  was  ob- 
tained, but  it  was  found,  owing  to  the  impurities  in  the  crude 

1  Ann.  Chetn.  (Liebig),  Suppl.,  7,  191  (1870). 
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product,  that  we  could  save  time  by  first  preparing  the  pure 
chlorphenol  and  nitrating  afterwards. 

^-Chlor-2-nitrophenyl  Ethyl  Carbonate. — Ten  grams  4-chlor- 
2-nitrophenol  were  dissolved  in  a  slight  excess  of  potassium 
hydroxide  solution  and  heated  until  all  was  in  solution.  A 
little  more  than  i  molecule  of  ethyl  chlorformate  was  added 
slowly,  with  shaking.  A  light-yellow  oil  formed,  which 
crystallized  on  cooling.  It  was  filtered  and  washed  with  di- 
lute potassium  hydroxide  solution,  afterwards  with  water, 
and  finally  crystallized  out  of  hot  alcohol.  An  almost  white 
solid  was  obtained,  which  melted  at  60°. 

0.3421  gram  substance  gave  18  cc.  N  at  21°  and  745  mm. 

Calculated  for 
CgHsOsNCl.  Found. 

N  5.72  5.91 

The  Hydrochloride  of  4.- Chlor-2-aminophenyl  Ethyl  Carbonate, 

CjHsOjCOClCjHjNHsCl.— In  the  first  effort  to  reduce  the  car- 
bonate with  tin  and  hydrochloric  acid  in  the  cold,  it  was 
found  that  the  reduction  was  very  slow  and  the  final  product 
impure.  The  reduction  could,  however,  be  carried  out  much 
more  rapidly  at  ordinary  temperature,  and  the  following 
method  gave  a  70  per  cent  yield  of  the  pure  product  : 

Three  grams  of  carbonate  were  covered  with  15  cc.  of  con- 
centrated hydrochloric  acid  and  cooled  to  about  10°.  More 
than  the  calculated  amount  of  granulated  tin  was  added  in 
small  quantities  and  the  vessel  shaken,  care  being  taken  not 
to  allow  too  much  heat  to  generate.  The  solution  cleared  up 
somewhat,  but  after  more  than  an  hour  the  vessel  filled  with 
a  white  solid.  This  white  body  was  added  slowly  with 
shaking  to  a  very  cold  solution  of  50  grams  potassium  hy- 
droxide in  50  cc.  water.  The  ethereal  extract,  treated  in  the 
same  way  as  in  previous  cases,  gave  the  hydrochloride  as  a 
white  precipitate  clinging  somewhat  to  the  sides  of  the  vessel. 
It  was  filtered  and  dried  on  a  clay  plate  in  a  desiccator.  The 
body  is  fairly  soluble  in  concentrated  hydrochloric  acid  and 
glacial  acetic  acid,  but  insoluble  in  water  and  in  alkali.  It  is 
soluble  in  alcohol,  insoluble  in  benzene  and  chloroform.     For 
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analysis  the  solid  was  covered  with  water,  the  mixture  care- 
fully heated  to  about  75°,  and  after  being  cooled  titrated  with 
silver  nitrate  solution,  potassium  chromate  being  used  as  in- 
dicator. 

0.1467  gram  substance  required  5.85  cc.  N/io  AgNO,. 

Calculated  for 
C9HHO3NCI2.  Found. 

CI  14.06  14.13 

Two  parts  of  the  hydrochloride  were  dissolved  in  as  little 
absolute  alcohol  as  possible,  and  i  part  of  a  concentrated  ab- 
solute alcohol  solution  of  chlorplatinic  acid  add'^d.  The 
mixture  was  rubbed  and  stirred  for  a  short  time,  and  then  an 
excess  of  absolute  ether  was  added.  An  almost  quantitative 
yield  of  yellow  needles  was  precipitated.  They  decomposed 
somewhat  at  about  140°,  and  softened  at  175°  to  180°. 

0.0675  gram  chlorplatinate  gave  0.0157  gram  Pt. 

Calculated  for 
CisHasOoNjPtCls-  Found. 

Pt  23.17  23.30 

A  remarkable  property  of  the  hydrochloride  of  4-chlor-2- 
aminophenyl  ethyl  carbonate,  compared  with  the  bodies  of  the 
series  described  above,  is  its  insolubility  in  water.  The  other 
hydrochlorides  dissolve  instantly  in  water  at  0°.  The  hydro- 
chloride of  />-chlor-t?-aminophenyl  ethyl  carbonate,  covered 
with  water  at  25°,  showed  practically  no  tendency  to  dissolve, 
and  only  when  heated  to  92°  did  it  go  into  solution,  and  then, 
no  doubt,  only  because  it  had  been  rearranged. 

3        6  I 

3-Chlor-6-oxyphenylurethane,  Cl(OH)C6H,NHCO,C,H5.  — 
One  gram  of  the  hydrochloride  was  covered  with  about  50  cc. 
of  water  and  heated  to  boiling.  At  about  75°  a  brown  oil 
formed  which  became  gradually  coated  with  white  crystals. 
By  frequent  shaking  the  oil  was  completely  changed  to  this 
white  mass,  which  floated  throughout  the  liquid.  After  the 
addition  of  more  water  the  liquid  was  boiled,  then  cooled,  and 
the  white  mass  filtered.  This,  after  drying,  melted  sharply 
at  136°  to  137°.  It  was  insoluble  in  acid,  but  soluble  in  alco- 
hol, ether,  and  alkali,  showing  a  decided  change  from  the 
original  amine  hydrochloride. 


Calculated  for 
CsHioOsNCl. 

c 

H 

50.09 
4.68 
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0.1562  gram  substance  gave  0.2844  gram  COj  and  0.0682 
gram  H,0. 

Calculated  for 

Found. 

49.66 
4-75 

The  rearranged  body  may  also  be  obtained  if  the  hydro- 
chloride is  covered  with  water  and  allowed  to  stand  for  a  num- 
ber of  days  at  ordinary  temperature. 

As  this  was  the  first  of  the  rearranged  bodies  containing  a 
chlorine  atom  that  we  had  obtained,  a  synthesis  of  the  body 
was  undertaken.  The  method  used  was  to  treat  4-chlor-2- 
aminophenol  with  ethyl  chlorformate  at  ordinary  tempera- 
ture. The  hydrochloride  of  this  amine  has  been  described 
by  Faust  and  Saame/  but  we  were  unable  to  obtain  the  body 
entirely  free  from  tin  by  their  method.  The  following 
method  was  used  : 

Two  grams  4-chlor-2-nitrophenol  (m.  p.  87')  were  covered 
with  15  cc.  concentrated  hydrochloric  acid  and  the  calcula- 
ted amount  of  granulated  tin  added  slowly,  the  solution  being 
warmed  a  little.  After  a  short  time  a  white  precipitate 
formed.  When  the  reduction  was  complete  the  contents  of 
the  vessel  were  cooled,  the  liquid  decanted,  and  the  solid  re- 
dissolved  in  water.  After  the  tin  was  precipitated  with  hy- 
drogen sulphide  the  solution  was  evaporated  and  the  pure 
hydrochloride  crystallized  out. 

One  gram  of  the  hydrochloride  was  suspended  in  ether  in  a 
separatory-funnel,  and  a  slight  excess  of  sodium  carbonate, 
dissolved  in  a  very  little  water,  added.  The  water  solution 
was  separated  from  the  ether  and  the  calculated  amount  (0.5 
molecule)  of  ethyl  chlorformate  added  in  small  quantities. 
After  the  ether  had  evaporated  a  residue  remained  which 
melted  at  136°,  and  mixed  with  the  urethane  formed  by  rear- 
rangement, as  prepared  above,  it  caused  no  depression  of  the 
melting-point.  The  other  properties  were  also  identical  with 
those  of  the  rearranged  body.  The  urethane  was  found  to  be 
unusually  stable  on  being  heated.  Two  grams  3-chlor-6-oxy- 
phenylurethane  were  placed  in  a  small  Anschiitz  distilling- 

1  Ann.  Chem.  (Liebig),  Suppl.,  7,  193  (1870). 
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flask  and  heated  slowly  in  a  metal-bath.  Up  to  200°  there 
was  very  little  decomposition.  Above  200°  decomposition 
began.  Alcohol  distilled  over,  and,  tested,  gave  iodoform. 
The  heating  must  be  carried  out  very  slowly  and  the  temper- 
ature kept  at  230°  for  a  considerable  time.  No  effort  was 
made  to  distil  the  carbonyl  body  over  into  the  neck  of  the 
Anschiitz  apparatus,  but  after  the  decomposition  was  com- 
plete the  residue  was  allowed  to  solidify  and  was  dissolved  in 
sodium  hydroxide  solution.  The  anhydro  base  was  repre- 
cipitated  with  hydrochloric  acid,  filtered,  and  crystallized 
several  times  from  hot  water.  White  needles  were  obtained 
which  melted  at  184°  to  185°.  If  the  decomposition  was  not 
complete,  mixtures  were  obtained  which  melted  at  from  122° 
to  155°.  Analysis  proved  the  body  to  be  carbonyl-4-chlor-2- 
aminophenol. 
0.321 1  gram  substance  gave  24.28  cc.  Nat  22°  and  742  mm. 


Calculated  for 
C7H4O2NCI. 

Found. 

8.28 

8.40 

N 

o-Chlorphenol  (b.  p.  176°)  was  prepared  from  the  mixture 
obtained  by  the  chlorination  of  phenol.  The  method  of 
Faust  and  Miiller,^  as  improved  by  Varnholt,^  was  used.  It 
was  found  that  the  repeated  distillation  spoken  of  by  Faust 
and  Miiller,  for  separating  the  isomers,  can  be  avoided  if  a 
Glinsky  tube  is  used  and  the  distillation  carried  on  very 
slowly.  A  yield  of  about  30  per  cent  of  the  oil,  boiling  at 
176",  was  obtained. 

To  50  grams  of  c?-chlorphenol'  more  than  the  calculated 
amount  of  nitric  acid  (sp.  gr.  1.36),  which  had  been  diluted 
with  an  equal  volume  of  water,  was  slowly  added.  A  red  oil 
formed,  which  became  solid  after  twenty-four  hours.  This 
was  collected,  washed,  and  distilled  with  steam.  The  body 
obtained  was  practically  pure  6-chlor-2-nitrophenol. 

6-Chlor-2-nitrophenyl  ethyl  carbonate  was  obtained  as  an  oil 
which  could  not  be  solidified  at  — 15°.  At  this  temperature, 
however,  the  oil  became  very  thick. 

1  Ann.  Chem.  (Liebig),  173,  303  (1874). 

2  J.  prakt.  Chem.,  [2],  36,  22  (1887). 

*  Ann.  Chem.  (I^iebig),  173,  307  (1874). 
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Hydrochloride   of  6-Chlor-2-aminophenyl    Ethyl    Carbonate, 

I  6      7 

CjHsOjCOCtHjClNHjCL— One  gram  of  the  carbonate  was  re- 
duced in  the  usual  way.  In  ten  or  fifteen  minutes  the  solu- 
tion became  clear,  and  in  a  short  time,  with  the  evolution  of 
some  heat,  the  entire  mass  solidified.  From  this  mass  the 
amine  hydrochloride  was  obtained  as  in  the  previous  prepa- 
rations. It  formed  a  voluminous  precipitate,  which  melted 
with  decomposition  at  126^  to  127°.  It  is  soluble  in  alcohol, 
insoluble  in  water  and  alkali,  and  not  very  soluble  in  acid. 
The  yield  was  70  to  80  per  cent. 

0.1359  gram  substance  required  5.4  cc.  N/io  AgNO,. 

Calculated  for 

C9H11O3NCI2.  Found. 

CI  14.06  14. 1 1 

5-Chlor.6-oxyphenylureihane,  Cl(  OH )  CeH.NHCOjC.Hj.  — 
One  gram  of  the  hydrochloride  was  covered  with  about  50  cc. 
of  water  at  25°.  It  softened  and  collected  in  the  bottom  of 
the  vessel  in  a  large  mass.  Heated  a  little,  it  turned  to  a 
brown  oil,  and  the  oil  gradually  went  into  solution.  On  cool- 
ing, a  white  crystalline  solid  (needles)  separated,  which  was 
soluble  in  alcohol,  ether,  and  alkali,  but  insoluble  in  acid. 
The  melting-point  was  92°  to  93°. 

0.1722  gram  substance  gave  0.3136  gram  CO2  and  0.0745 
gram  H,0. 

Calculated  for 
C9H10O3NCI.  Found. 

C  50-09  49.68 

H  4.68  4.81 

p-Bromphenol  was  prepared  by  the  freezing  method  of 
Hiibner  and  Brenken,*  as  extended  by  Hand,'  with  this  ex- 
ception, however,  that  the  purification  was  accomplished  by 
distillation  in  vacuo.  This  was  done  because  small  yields  were 
obtained  when  distilled  at  ordinary  temperature,  due  to  de- 
composition, caused  by  the  presence  of  small  quantities  of 
moisture.     At  60  mm.  the />-bromphenol  boiled  at  150°. 

4-Brom-2-nitrophenol  (m.  p.  88°)  was  prepared  by  thenitra- 

1  Ber.  d.  chem.  Ges.,  6,  171  (1873). 

»  Ann.  Chem.  (Liebig),  334,  136  (1886). 
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tion  of  ^-bromphenol  in  glacial  acetic  acid  solution  with  fum- 
ing nitric  acid  in  the  cold.  When  nitration  vras  complete, 
the  contents  of  the  vessel  were  poured  into  water,  filtered, 
washed  with  water,  and  distilled  with  steam.  The  pure  body 
(m.  p.  88°)  was  obtained  from  the  barium  salt. 

^-Brom-2-nitrophenyl  ethyl  carbonate  was  obtained  from  an 
ethereal  solution  in  large,  transparent  plates,  which  melted  at 
76°. 

Hydrochloride  of  4-Brom-2-aminophenyl  Ethyl    Carbonate, 

CjHgO.COCgHjBrNHjCl.— One  gram  of  the  above  carbonate, 
in  a  small  vessel,  was  covered  with  15  cc.  of  concentrated 
hydrochloric  acid.  After  cooling,  an  excess  of  granulated  tin 
was  slowly  added.  The  reduction  was  allowed  to  proceed 
slowly,  and  too  much  heat  was  not  allowed  to  generate  from 
the  reaction.  After  a  short  time  a  white  solid,  of  delicate  ap- 
pearance, which  could  be  distinguished  from  the  nitro  body, 
began  to  appear,  and  in  the  course  of  an  hour  the  entire  ves- 
sel was  filled  with  a  pure,  white,  solid  mass.  The  best  re- 
sults were  not  obtained  when  the  reduction  was  carried  out  in 
the  cold.  The  temperature,  however,  was  not  allowed  to  rise 
above  20°.  When  the  reduction  was  complete,  the  solid  mass 
was  cooled  with  a  freezing-mixture  and  added  slowly  to  a 
very  cold  solution  of  50  grams  of  potassium  hydroxide  in  50 
cc.  of  water,  and  the  amine  and  its  hydrochloride  obtained  in 
the  usual  way.  The  yield  was  70  to  80  per  cent ;  the  melt- 
ing-point was  136°  to  137°. 

0-1952  gram  substance  required  6.41  cc.  N/io  AgNO,. 

Calculated  for 

CsHuOsNClBr.  Found. 

CI  11.95  11.73 

3        6  I 

3-Brom-6-oxyphenylurethane,  Br(0H)C,H,NHC0,C,H5.  — 
One  gram  of  the  hydrochloride  was  covered  with  water  and 
heated.  Most  went  into  solution  at  the  boiling-point,  and  on 
cooling  white  needles,  melting  at  139°  to  141°,  were  obtained. 
These  were  soluble  in  alcohol,  ether,  chloroform,  and  alkali, 
but  insoluble  in  acid.  The  body  may  be  prepared  more 
quickly  if  the  hydrochloride  is  dissolved  in  alcohol,  a  little 
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water  added,  and  the  mixture  allowed  to  stand  a  short  time 
at  ordinary  temperature.  On  addition  of  an  excess  of  water, 
white  needles,  melting  at  140°  to  142°,  are  precipitated. 

0.2407  gram  substance  gave  0.3636  gram  CO,  and  0.0869 
gram  H,0. 

Calculated  for 
CgHioOaNBr.  Found. 

C  41-52  41.20 

H  3.88  4.01 

In  the  preparation  of  4-chlor-2-nitrophenol  by  the  method 
of  Faust  and  Saame'  the  crude  material  obtained  in  nitrating 
the  chlorinated  phenol  was  first  changed  into  the  barium  salt 
by  boiling  with  barium  carbonate.  The  purpose  was  to  sepa- 
rate the  6-chlor-2-nitrophenol  from  the  4-chlor-2-nitrophenol, 
advantage  being  taken  of  the  different  solubilities  of  their 
barium  salts.  The  method  did  not  effect  a  complete  sepa- 
ration, so  the  barium  salts  were  covered  with  water,  precipi- 
tated with  hydrochloric  acid,  washed,  and  the  product  dis- 
tilled with  a  strong  stream  of  steam.  In  the  condenser  a  yel- 
low deposit  formed,  which  did  not  melt  when  the  water  sur- 
rounding it  was  brought  to  the  boiling-point.  It  could  not 
be,  therefore,  4-chlor-2-nitrophenol  (m.p.Sy"),  nor  6-chlor-2- 
nitrophenol  (m.  p.  70°),  It  was  collected  and  found  to  melt 
sharply  at  121°  to  122°.  This  is  the  melting-point  of  4,6-di- 
chlor-2-nitrophenol,  but  as  4-nitro-2,6-dichlorphenol  melts  at 
125°,  it  was  necessary  to  distinguish  between  these  bodies  in 
another  way.  The  ethyl  ether  was  prepared  by  converting 
the  dichlornitrophenol  (m.  p.  122°)  into  the  silver  salt  and 
treating  this  with  ethyl  iodide.  The  product  dissolved  in 
alcohol  and  precipitated  by  water  melted  at  29°,  which  is  the 
melting-point  of  the  4,6-dichlor-2-nitrophenol  ethyl  ether  pre- 
pared by  Fischer.*  The  sodium  and  barium  salts  were  also 
prepared  and  corresponded  in  properties  to  those  described  by 
Fischer. 

It  seemed,  therefore,  that  in  the  chlorination  of  phenol  quite 
a  quantity  of  2,4-dichlorphenol  is  formed,  and  this  was  after- 
wards verified  by  the  isolation  of  a  quantity  of  2,4-dichlor- 

1  Loc.  cit. 

2  Ann.  Chem.  (Uebig),  Suppl.,  7,  i88  (1870). 
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phenol  (b.  p.  209°  to  210°),  from  the  crude  product  obtained 
in  the  chlorination  of  phenol. 

4., 6- Dichlor-2-nitropheny  I  ethyl  carbonate  was  obtained  from  the 
phenol  (m.  p.  122°)  as  a  yellow  oil,  which  solidified  on  cool- 
ing to  a  slightly  yellow  body  melting  at  38°  to  39°.  The 
yield  was  not  so  large  as  in  the  case  of  the  other  nitrocar- 
bonates  and  it  has  been  found  to  be  general  in  these  experi- 
ments that  where  the  hydroxyl  group  is  surrounded,  as  in  this 
body,  by  other  groups,  it  is  much  more  difficult  to  bring  it 
into  action  with  the  acyl  group — a  fact  which  may  be  ex- 
plained on  the  basis  of  stereochemical  interference. 

Hydrochloride  of  4.,6-Dichlor-2-aminophenyl  Ethyl  Carbonate^ 

C,HiO,c6.CsHjClClNH3Cl.— Some  difficulty  was  experienced 
in  isolating  the  reduction-product  of  the  carbonate  because  of 
the  ease  with  which  the  former  saponifies  when  brought  into 
the  cold  alkaline  solution.  Indifferent  preparations  different 
colorations  were  observed  from  red  to  green,  and  the  products 
did  not  give  good  analytical  results.  With  the  following 
method  a  pure  white  salt  was  obtained.  As  it  is  better  to 
work  with  small  quantities,  three  reductions  of  i  gram  each 
were  carried  on  at  the  same  time.  In  each  small  vessel  i 
gram  of  the  carbonate  was  placed  and  covered  with  12  cc.  of 
concentrated  hydrochloric  acid.  Granulated  tin  was  added 
in  small  quantities  and  the  vessels  shaken.  The  flasks  were 
not  allowed  to  become  warmer  than  30°  during  the  reduction. 
When  the  reductions  were  complete  and  the  vessels  cooled,  a 
white  solid  mass  formed.  The  concentrated  acid  was  then 
decanted  and  the  solid,  which  contained  some  tin,  was  added 
in  small  quantities  to  a  very  cold  solution  of  50  grams  of 
potassium  hydroxide  in  50  cc.  of  water.  The  hydrochloride 
obtained  from  the  dry  ethereal  extract  was  white  and  was 
washed  with  ether  free  from  alcohol,  but  containing  a  little 
water.  The  hydrochloride  was  soluble  in  alcohol  but  insolu- 
ble in  water,  alkali,  or  acid.  It  melted  with  decomposition 
between  132°  and  135°. 

0.21 1 1  gram  substance,   covered   with  water  and  heated, 
after  cooling  required  7.26  cc.  N/io  AgNOj. 
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Calculated  for 
C9H10O3NCI3.  Found. 

CI  12.32  12.21 

3,5-Dichlor-6-oxyphenylurethane,  C1,(0H) CgH^NHCO^C^Hj, 
is  formed  very  rapidly  by  rearrangement  of  the  amine  when 
the  hydrochloride  is  dissolved  in  alcohol  and  a  little  water 
added  to  the  solution.  After  a  short  time  an  excess  of  water 
precipitates  the  urethane.     It  melts  at  125°. 

0.2344  gram  substance  gave  0.3685  gram  CO,  and  0.0791 
gram  HjO. 

Calculated  for 
C9H9O3NCI2.  Found. 

C  43-20  42.88 

H  3.64  3.76 

The  urethane  was  also  prepared  by  the  action  of  ethyl 
chlorformate  on  4,6-dichlor-2-aminophenol.  It  melted  at 
125°,  and  mixed  with  the  body  prepared  by  rearrangement 
showed  no  depression  of  melting-point.  The  two  bodies  are 
identical. 

Since  4,6-dichlor-2-aminophenyl  ethyl  carbonate  showed 
such  an  unusual  tendency  to  rearrange,  thus  emphasizing  the 
tendency  of  negative  groups  to  hasten  the  molecular  change, 
it  seemed  of  interest  to  gain  some  further  evidence  as  to  the 
combined  action  of  negative  groups  upon  the  rearrangement. 
4-Chlor-6-brom-2-nitrophenol  was  therefore  prepared.  Ten 
grams  4-chlor-2-nitrophenol  (m.  p.  87°)  was  dissolved  in 
glacial  acetic  acid  and  brominated  at  a  high  temperature,  ac- 
cording to  the  method  of  Ling.^  In  this  manner  a  quantita- 
tive yield  of  4-chlor-6-brom-2-nitrophenol  (m.  p.  125°)  was 
obtained. 

4.-Chlor-6-hroin-2-nitrophenyl  Ethyl  Carbonate. — A  known 
weight  of  the  phenol  was  dissolved  in  a  little  more  than  the 
calculated  amount  of  potassium  hydroxide  solution,  and  to 
this  red  solution  a  slight  excess  of  ethyl  chlorformate  was 
added  slowly  with  shaking.  As  in  other  cases  where  the 
hydroxyl  group  is  surrounded,  the  reaction  with  ethyl  chlor- 
formate was  not  rapid,  but  after  much  shaking  a  yellow  oil 
formed.     This  was  extracted  with  ether  and  on  evaporation 

1  J.  Chem.  Soc.  (I,ondon),  55,  588  (1889). 
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yellow  prisms  remained.     They  were  crystallized  out  of  alco- 
hol and  melted  at  48°  to  49°. 5. 

Hydrochloride  of  2-Amino-4-chlor-6-brompkenyl  Ethyl  Car- 
bonate, C,H5CO,O.CgH,ClBrNH3Cl.— One  gram  of  carbonate 
was  treated  with  12  cc,  of  concentrated  hydrochloric  acid  and 
after  cooling  an  excess  of  granulated  tin  was  added.  In  a 
short  time  a  flaky  white  substance  began  to  form  which  clung 
to  the  sides  of  the  vessel.  The  reduction  in  this  case  was 
slow,  and  it  was  not  until  after  a  considerable  time  that  the 
yellow  nitro  body  entirely  disappeared.  When  t?.e  reduction 
was  complete  the  entire  contents  of  the  vessel  were  poured 
slowly  into  50  cc.  of  a  very  cold  solution  (i  :  i)  of  potassium 
hydroxide.  The  ethereal  extract  was  red,  and  continued  red 
after  drying  with  solid  potassium  hydroxide.  It  was  then 
filtered  and  dry  hydrogen  chloride  passed  in.  The  solution 
at  first  became  colorless  and  no  precipitate  formed  for  some 
time,  but  finally,  after  considerable  gas  was  passed  in, 
a  white  precipitate  formed.  The  yield  was  60  per  cent.  The 
hydrochloride,  filtered  and  washed  with  absolute  ether  and 
dried  in  a  vacuum-desiccator,  was  analyzed  (Analyses  I.  and 
II.). 

The  analysis  did  not  give  figures  corresponding  to  the  pure 
salt  desired,  and  other  preparations  were  made,  using  smaller 
quantities  for  the  reduction  and  keeping  the  temperature  very 
low  and  cooling  the  ether  before  making  the  extraction.  In 
this  manner  the  colorations  of  the  ethereal  solution  were 
avoided,  and  the  salt  obtained  purer  than  before,  but  not  per- 
fectly pure,  as  shown  by  the  third  analysis. 

0.2312  gram  substance  required  8.9  cc.  N/io  AgNOj. 

0.2145  gram  substance  required  7.56  cc.  AgNOj. 

0.192 1  gram  substance  required  6.01  cc.  AgNOg. 

Calculated  for  Found. 

CgHioO.NClsBr.  I.  II.  III. 

CI        10.68  13-71      12.50     II. II 

The  salt  melted  with  decomposition  at  131°  to  132°.  It  is 
insoluble  in  water. 
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J-  Chlor-^-brom-6-oxyphenylurethane, 

ClBr(0H)CeH,NHC0C,H5.— One-half  gram  of  the  hydro- 
chloride was  dissolved  in  alcohol,  an  equal  volume  of  water 
added,  and  the  whole  allowed  to  stand  for  a  short  time.  On 
adding  an  excess  of  water  a  white  precipitate  formed.  This 
was  soluble  in  alkali  and  insoluble  in  acid.  It  melted  at  116° 
to  118°. 

0.1909  gram  substance  gave  0.2566  gram  COj  and  0.0605 
gram  H^O. 

Calculated  for 

CsHioOsNClBr.  Found. 

C  36.66  36.65 

H  3.08  3.46 

4,6-Dibrom-2-cresol  (m.  p.  57°),  was  prepared  by  the  brom- 
ination  of  t^-cresol  in  glacial  acetic  acid  solution  in  the  pres- 
ence of  small  pieces  of  iron^  wire.  4-Brom-6-nitro-2-cresol  (m. 
p.  88°)  was  prepared  from  it  by  treatment  in  glacial  acetic 
acid  with  sodium  nitrite,  the  product  being  distilled  with 
steam  and  finall)''  crystallized  out  of  alcohol,  according  to  the 
method  of  Zincke.*  It  was  found  that  a  somewhat  better 
yield  can  be  obtained  if  the  dibrom  body  is  allowed  to  stand 
over  night  with  a  slight  excess  of  sodium  nitrite  before  the 
addition  of  water. 

/f.-BroTn-2-nUro-6-inethylphenyl Ethyl  Carbonate. — Five  grams 
of  the  cresol  (m.  p.  88°)  were  dissolved  in  a  small  excess  of 
potassium  hydroxide  solution,  and  a  slight  excess  of  ethyl 
chlorformate  was  slowly  added.  As  before,  where  the  hy- 
droxyl  group  is  surrounded,  the  reaction  was  slow,  but  a  yel- 
low oil  finally  separated  which,  on  cooling,  solidified.  This 
contained  some  of  the  unchanged  nitrophenol,  as  was  shown 
by  the  red  color  produced  by  addition  of  alkali,  and  the  varia- 
tion of  melting-point  from  44°  to  55°,  after  repeated  crystal- 
lizations from  alcohol.  To  obtain  the  pure  body  the  sub- 
stance was  washed  repeatedly  with  dilute  potassium  hydroxide 
solution  and  finally  with  water.  It  is  soluble  in  alcohol, 
ether,  and  chloroform  and  melts  at  61°  to  62°. 

»  J.  prakt.  Chem.,  [2],  38,  325  (1888). 

'  We  are  under  obligations  to  Prof.  Th.  Zincke,  who  very  kindly  placed  the  dis- 
sertation of  Wagner,  1899,  at  our  disposal. 
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Hydrochloride  of  2-Amino-4-brom-6-methyiphenyl  Ethyl  Car- 
bonate, CjH50,COCeHj(CHj)BrNH3Cl.— Onegramof  the  pure 
carbonate  was  covered  with  15  cc.  of  concentrated  hydro- 
chloric acid  and  an  excess  of  granulated  tin  added.  The  ves- 
sel was  not  heated,  but  no  attempt  was  made  to  keep  it  cold. 
A  white  solid  formed  throughout  the  liquid  and  after  some 
time  collected  at  the  top  of  the  liquid.  After  the  reduction 
was  complete  the  entire  mass  was  cooled  and  added  slowly  to 
50  cc.  of  a  1:1  solution  of  potassium  hydroxide  which  had 
been  cooled  to  — 10°.  This  was  extracted  several  times  with 
absolute  ether  and  dried  with  solid  potassium  hydroxide. 
Dry  hydrogen  chloride  gave  a  white  precipitate.  It  was 
washed  with  absolute  ether  and  dried  on  a  clay  plate  in  a  desic-. 
cator.  Heated,  it  darkened  at  137°  to  143°,  but  did  not  melt 
until  173°  to  178°,  and  then  with  decomposition.  The  hy- 
drochloride is  soluble  in  alcohol  and  insoluble  in  water. 

0.2031  gram  substance  required  6.54  cc.  N/io  AgNO,. 

Calculated  for 

CioHiaOgNClBr.  Found. 

CI  II. 41  11-43 

^-Brom-^-methyl-6-oxyphenylurethane, 

(OH)Br(CH3)C,H,NHCOAH5.— One  gram  of  the  hydro- 
chloride was  placed  in  a  flask  and  covered  with  about  50  cc. 
of  water.  The  water  did  not  seem  to  wet  the  body,  as  in  the 
case  of  the  isomer,  which  will  be  described  later.  When 
heated,  however,  it  went  into  solution  more  readily  than  the 
isomer.  When  cooled,  a  white  solid  separated,  which  was 
soluble  in  alkali  and  had  the  same  general  properties  as  the 
other  urethanes  which  had  already  been  prepared.  The 
melting-point  was  123°. 

0.2127  gram  substance  gave  0.3392  gram  CO,  and  0.0873 
gram  H,0. 

Calculated  for 
CioHioOsNBr.  Found. 

C  43-77  43-5 

H  4.42  4.56 

2,6-Dibrom-^-cresol  (m.  p.  49)  was  prepared  from  ^-cresol 
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by  bromination  in  glacial  acetic  acid  solution  with  the  calcu- 
lated amount  of  bromine,  according  to  the  method  of  Glaus 
and  Jackson.^ 

Ten  grams  of  the  brominated  cresol  were  dissolved  in  a 
small  amount  of  glacial  acetic  acid  and  slowly  a  slight  excess 
of  sodium  nitrite  was  added.  After  a  short  time  a  yellow 
precipitate  formed.  When  the  reaction  was  complete,  the 
contents  of  the  vessel  were  poured  into  a  large  bulk  of  water, 
filtered,  and  washed.  The  yellow  crystalline  mass,  after 
crystallization  from  alcohol,  melted  at  69°,  and  was  2-nitro-6- 
brom-4-cresol. 

This  body  was  also  prepared  from  2-nitro-4-cresoP  by 
bromination  with  potassium  bromate  and  an  acid  solution  of 
potassium  bromide.  The  yield,  however,  in  this  case  was 
not  so  good  as  by  the  first  method. 

2-Nitro-^-methyl-6-bromphenyl  Ethyl  Carbonate. — Five  grams 
of  nitrobromcresol  (m.  p.  69°)  were  dissolved  in  slightly  more 
than  the  calculated  amount  of  potassium  hydroxide  solution, 
and  slowly  a  small  excess  of  ethyl  chlorformate  was  added. 
A  yellow  solid  formed  which  melted  at  from  65°  to  75°.  On 
shaking  out  with  dilute  potassium  hydroxide  solution  the 
melting-point  became  constant  at  84°  to  85°.  The  reactivity 
of  the  ethyl  chlorformate  is  here  also  interfered  with,  because 
of  the  enclosed  position  of  the  hydroxyl  group,  and  a  quanti- 
tative yield  was  not  easily  obtained. 

Hydrochloride  of  2-Amino-^-methyl-6-broinphenyl  Ethyl  Car- 
bonate, CjHgO^COCjH.CCHJBrNHjCl.— One  gram  of  the  car- 
bonate (m.  p.  84°)  was  covered  with  15  cc.  concentrated  hy- 
drochloric acid  and  an  excess  of  granulated  tin  added.  The 
reduction  was  carried  on  at  ordinary  temperatures.  When 
reduction  was  complete  the  contents  of  the  vessel  were  treated 
as  usual.  The  hydrochloride  obtained  from  the  ethereal  solu- 
tion was  washed  with  absolute  ether  and  dried  on  a  clay  plate 
in  a  desiccator.  It  is  insoluble  in  water,  but  soluble  in  ether,  to 
which  a  little  alcohol  has  been  added.  The  substance  melted 
at  142°  to  143°,  with  decomposition. 

1  Loc.  cii. 

-  Thiele  and  Eichwcde  :  Ann.  Chem.  (Liebig),  311,  375  (1900). 
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0.23 1 1  gram  substance  required  7.43  cc.  N/io  AgNOj. 

Calculated  for 

CioHisOsNClBr.  Found. 

CI  1 1. 41  11.40 

J  -  Methyl-^-  brom-6-  oxyphenylurethane , 

CH,Br(OH)C6H,NHCOjCjH5.— One  gram  of  the  hydrochlo- 
ride was  heated  with  about  50  cc.  of  water.  A  brown  oil 
formed  which  did  not  go  entirely  into  solution.  Upon  cool- 
ing, the  oil  solidified  and  melted  at  83°.  It  was  soluble  in 
alcohol,  ether,  and  alkali,  but  insoluble  in  acid. 

0.2100  gram  substance  gave  0.3357  gram  CO^  and  0.0822 
gram  HjO. 

Calculated  for 

CioHioOsNBr.  Found. 

C  43.77  43.60 

H  4-42  4-35 

PART   IV. 

2 •  Amino -^-chlor phenyl  Acetate. 

Hiibner  and  Stiinkel,^  in  reducing  <7-nitrophenyl  benzoate 
with  a  view  to  obtaining  c?-aminophenyl  benzoate,  found 
that  from  the  alcoholic  solution  in  which  the  reduction  was 
carried  on,  an  anhydrobenzenyl-i7-aminophenyl  base  was  in 
every  case  obtained.  This  compound,  when  boiled  with 
water,  went  over  into  benzoyl-<7-aminophenol.  They  ascribed 
the  formation  of  the  anhydro  base  as  a  primary  product,  instead 
of  the  expected  aminophenyl  benzoate  to  the  great  instability 
of  the  amino  bodies. 

Bottcher,'  in  repeating  the  work  of  Hiibner  and  Stiinkel, 
observed  that  by  varying  the  temperature  at  which  the  ex- 
periment was  carried  out  either  the  anhydro  base  or  the  ben- 
zoyl-<7-aminophenol  could  be  obtained  at  will.  He  suggested 
the  following  stages  for  the  reaction  : 

0,NC,H,OCOC,H,     ^     CeH,C  :  N.C«H,0     •- 

I I 

CeHgCO.NHCeH.OH. 

1  Ann.  Chem.  (Liebig),  210,  384  (i88i). 

2  Ber.  d.  chem.  Ges.,  16,  631  (1883). 
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In  a  later  work  Bottcher/  trying  to  determine  if  this  rear- 
rangement is  a  perfectly  general  one,  tried,  among  other 
experiments,  a  reduction  of  (7-nitrophenyl  acetate,  thinking 
that  the  anhydro  base,  ethenylaminophenol  would  in  like 
manner  be  formed.  Trying  the  reduction  with  alcoholic  am- 
monia and  hydrogen  sulphide  in  the  cold,  with  tin  and  hydro- 
chloric acid,  and  with  zinc  and  acetic  acid,  he  was  unable  to 
obtain  either  acetylaminophenol,  the  anhydro  base,  or  amino- 
phenyl  acetate,  as  he  thought,  on  account  of  the  saponifica- 
tion of  ^'-nitrophenyl  acetate,  in  the  process  of  the  reduction, 
the  acetate  being  supposedly  much  more  unstable  than  the 
benzoate. 

The  experiments  with  the  hydrochloride  of  4-chlor- 2- amino- 
phenyl  ethyl  carbonate,  which  have  been  described  above, 
and  the  surprising  insolubility  of  this  salt  in  water,  suggested 
that  if  the  chlorine  in  the  para  position  should  effect  a  similar 
insolubility  of  an  acetate,  it  might  be  possible  to  prepare  the 
hydrochloride  of  4-chlor- 2-aminophenyl  acetate  as  the  first 
body  of  its  kind  ever  isolated.  A  study  of  it  would  determine 
the  real  nature  of  the  processes  by  means  of  which  an  anhy- 
dro base  or  an  acylaminophenol  was  always  obtained  by  the 
reduction  of  the  nitrophenyl  acetates  and  benzoates.  By  the 
observation  of  minute  precautions  we  have  been  able  to  iso- 
late the  hydrochloride  of  2-amino-4-chlorphenyl  acetate,  al- 
though it  proved  to  be  readily  soluble  in  water.  In  contact 
with  water,  it  produces  acetyl-2-aminochlorphenol,  not  by  the 
successive  loss  and  addition  of  water  with  the  intermediate 
formation  of  an  anhydro  base,  but  by  a  molecular  rearrange- 
ment according  to 

CHjCOOCeHjClNHjCl    —    HOQHjClNHCOCHj  +  HCl. 

The  free  base,  aminochlorphenyl  acetate,  was  also  obtained 
from  its  salt  and  observed  to  change  spontaneously  into  the 
isomeric  phenol.  The  anhydro  base  was  prepared  by  the  ac- 
tion of  heat  on  acetylaminochlorphenol  and  compared  with 
the  amine. 

/f.-Chior-2nitrophenyl  Acetate. — Ten  grams  of  4-chlor-2-ni- 

1  Ber.  d.  chem.  Ges.,  i6,  1933  (18S3). 
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trophenol  (m.  p.  87°)  were  put  in  a  flask  with  fused  sodium 
acetate  and  an  excess  of  acetic  anhydride  added.  The  mix- 
ture was  heated  for  more  than  an  hour,  above  100°,  in  an  air- 
bath,  and  shaken  from  time  to  time.  On  cooling,  the  entire 
mass  solidified.  It  was  covered  with  water,  and  an  oil  formed 
at  the  bottom  of  the  vessel.  After  the  water  solution  had 
been  removed,  the  oil  was  washed  several  times  with  dilute 
potassium  hydroxide  solution,  to  dissolve  any  unchanged 
phenol.  When  placed  in  ice-water  the  oil  solidified  to  an  al- 
most white  solid.  4-Chlor-2-nitrophenyl  acetate  is  quite  sol- 
uble in  benzol,  chloroform,  and  ether,  fairly  soluble  in  alco- 
hol, and  may  be  precipitated  from  alcohol  solution  by  water. 
It  melts  between  47°  and  48°.  It  was  identified  by  the  reduc- 
tion to 

The  Hydrochloride  of  4.-Chlor-2-aminophenyl  Acetate^ 
ClNHjCeHjClOCOCHj.— In  the  first  attempt  to  reduce  the 
acetate,  i  gram  was  covered  with  10  cc.  concentrated  hydro- 
chloric acid,  and  more  than  the  calculated  amount  of  granu- 
lated tin  was  added  in  small  quantities  to  the  cold  solution, 
which  was  kept  at  about  0°.  After  some  time  the  solution 
became  clear  and  was  poured  slowly  into  a  solution  of  50 
grams  of  potassium  hydroxide  in  50  cc.  water  which  had  been 
cooled  to  — 10°  C.  When  the  concentrated  acid  solution  went 
into  the  cold  potassium  hydroxide,  drop  by  drop,  fumes  arose 
which  indicated  a  decomposition.  The  potassium  hydroxide 
solution  was  extracted  several  times  with  ether,  the  extract 
dried  with  solid  potassium  hydroxide,  filtered,  and  treated 
with  dry  hydrogen  chloride  ;  no  precipitate  was  formed,  and 
on  evaporation  to  dryness  no  residue  remained.  It  was  evi- 
dent that  nothing  had  been  taken  up  by  the  ether. 

A  second  experiment  was  carried  out  exactly  as  above, 
with  this  exception,  that  a  deep  layer  of  absolute  ether  was 
placed  over  the  potassium  hydroxide  solution.  The  ether 
and  alkali  were  then  cooled  to  — 10°  C.  The  cold  acid  solu- 
tion containing  the  reduced  product  was  poured,  drop  by 
drop,  through  glass  wool  upon  the  ether  and  shaken  after 
each  addition,  the  temperature  not  being  allowed  to  rise  above 
— 5°  C.     The  ether  was  decanted  into  a  cold  vessel  containing 
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some  solid  potassium  hydroxide  and  two  similar  extraction 
with  cold  ether  were  made.  After  being  dried  for  some  time,^ 
the  ethereal  solution  was  filtered  into  another  cold  vessel  and 
dry  hydrogen  chloride  run  in.  A  pure  white  hydrochloride 
formed  in  a  short  time,  which  was  filtered  and  placed  on  a 
clay  plate  in  a  vacuum-desiccator.  Put  into  water,  it  went  into 
solution  for  an  instant,  but  then  a  white,  oily  body  came  out, 
insoluble  in  alkali,  but  soluble  in  concentrated  acid.  On  stand- 
ing in  water  for  more  than  a  day,  it  became  crystalline,  and 
was  soluble  in  alkali,  no  longer  soluble  in  acid,  and  melted  at 
176°.  The  hydrochloride,  on  the  other  hand,  melts  at  105° 
to  107°.  It  had  been  converted  by  a  molecular  rearrange- 
ment into  acetyl-2-amino-4-chlorphenol,  which,  as  will  be  shown 
below,  melts  at  176".  In  the  analysis  of  the  hydrochloride  it 
was  warmed  with  some  water  to  cause  the  rearrangement  and 
the  liberated  hydrochloric  acid  was  then  titrated  with  standard 
alkali. 

0.2468  gram  substance  (dried  for  twenty-four  hours)  re- 
quired 10.64  cc.  N/io  NaOH. 

0.3222  gram  substance  (dried  for  two  hours)  required  14.02 
cc.  N/io  NaOH. 

Calculated  for  Found. 

CgHgOsNCl..  I.  II. 

CI  15.96  15.40  15.52 

The  analysis  indicated  that  the  hydrochloride  of  2-amino- 
4-chlorphenyl  acetate  had  been  isolated.  As  it  gave  a  some- 
what low  chlorine  value  and  the  hydrochlorides  of  anhydro 
bases,  which  had  hitherto  always  resulted  from  reductions  of 
<7-nitrophenyl  acetates,  have  a  well-known  tendency  to  lose 
hydrochloric  acid  on  standing,  further  evidence  of  the  iden- 
tity of  the  amine  hydrochloride  was  sought.  Its  identity  was 
confirmed  by  the  preparation  of  a  chlorplatinate  and  fully  es- 
tablished by  the  preparation  and  study  of  the  hydrochloride 
of  the  anhydro  base  itself.  As  expected,  the  latter  proved  to 
be  quite  a  different  body  from  the  salt  described  above.  The 
free  bases  were  prepared  from  the  two  salts  and  also  found  to 
be  different  compounds,  and  the  aminochlorphenyl  acetate  ob- 
tained from  the  hydrochloride,  which  has  just  been  described, 
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rearranged  spontaneously  into  the  isomeric  acetylaminochlor- 
phenol.  In  view  of  these  facts  the  salt  obtained  as  the  first 
product  of  the  reduction  of  the  nitro  compound  has  undoubt- 
edly the  constitution  assigned  to  it. 

A  chlorplatinate  of  the  base  was  obtained  by  the  addition 
of  a  concentrated  solution  of  chlorplatinic  acid  in  absolute 
alcohol  to  a  cold  ethereal  solution  of  freshly  prepared  amine. 
The  yellow  precipitate  was  washed  with  ether  containing 
some  alcohol  and  dried  on  a  clay  plate.  It  is  insoluble  in 
water,  and  rubbed  with  water  no  change  of  color  or  apparent 
decomposition  takes  place.  It  darkens  at  120"  and  does  not 
melt  at  200°. 

0.0256  gram  substance  gave  0.0064  gram  Pt. 

Calculated  for 
Ci6Hi804N2PtCl8.  Found. 

Pt  24.95  25.00 

2-Amino-4-chlorphenyl  Acetate,  HjN.CeHjCKOCOCHg).— A 
little  of  the  ethereal  solution  of  the  amine,  prepared  as  described 
above,  was  allowed  to  evaporate.  White  needles,  turning  a 
little  red  on  standing  in  the  air,  remained.  They  melted  at 
73°  to  74°.  The  addition  of  some  of  the  anhydro  base,  de- 
scribed below,  whose  melting-point  is  54°,  lowered  the  melt- 
ing-point of  the  amine  below  40°.  The  amine  is  soluble  in 
acids,  insoluble  in  alkalies,  soluble  in  chloroform  and  benzene, 
but  not  very  soluble  in  low-boiling  ligroin.  The  base  was 
allowed  to  stand  for  a  day  and  the  melting-point  again  taken. 
The  substance  fell  together  a  little  at  73°,  but  it  did  not  melt 
until  176'',  the  melting-point  of  acetylaminochlorphenol.  The 
amiuochlorphenyl  acetate  had  evidently  suffered  a  molecular 
rearrangement  according  to 

CHjCOOCgHjClNH,     —     HOCeHjClNHCOCHj. 

Acetyl- 2-amino-4-chlorphenol,  CHjCONH.CsHjCKOH).— In 
an  endeavor  to  prepare  a  quantity  of  the  rearranged  body 
melting  at  176",  for  purposes  of  analysis  and  further  investi- 
gation, some  surprising  results  were  obtained.  Two  grams 
of  the  4-chlor-2-nitrophenyl  acetate  were  reduced  with  pow- 
dered tin  and  concentrated  hydrochloric  acid,  the  solution  be- 
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ing  kept  cold,  as  above.  After  all  had  gone  into  solution  it 
was  poured  through  glass  wool  into  about  two  volumes  of 
water  at  ordinary  temperature.  The  entire  vessel  of  water 
became  milky  white,  and  when  filtered,  the  filter-paper  was 
covered  with  a  white,  thick,  oily  substance.  The  oil  was  in- 
soluble in  alkali,  fairly  soluble  in  concentrated  acid,  and 
when  rubbed  with  alcohol  and  ether  went  into  solution. 
When  some  of  the  oil  placed  in  a  test-tube  was  dissolved  in 
ether  and  dry  hydrogen  chloride  run  in,  a  white  precipitate 
formed.  This  hydrochloride  is  not  soluble  in  water  and  turns 
brown  on  standing  in  the  air.  Heated  in  a  melting-point 
tube,  it  became  brown  below  100°  C,  but  did  not  melt  until 
233°  to  235°  C.  If  allowed  to  stand  for  more  than  a  day  in 
water,  it  became  crystalline  and  melted  sharply  at  176°  C. 
We  expect  in  a  later  work  to  investigate  the  oil  more  care- 
fully. It  may  be  an  intermediate  product  in  the  rearrange- 
ment of  the  amine.  Its  evident  impurity  and  the  fact  that  it 
contains  inorganic  matter,  led  us  to  abandon  it  here  as  not 
leading  to  a  direct  knowledge  of  the  identity  of  the  siipposed 
4-chlor-2-aminophenyl  acetate.  An  analysis  of  the  body 
melting  at  176°  was  made. 

0.2748  gram  substance  gave  0.5188  gram  CO,  and  0.1088 
gram  H,0. 

Calculated  for 
CgHaO.NCl.  Found. 

C  51-73  51-48 

H  4.35  4-40 

The  body  is  soluble  in  alkali  and  reprecipitated  by  acid 
and  is  undoubtedly  acetyl-2-amino-4-chlorphenol.  It  was 
also  prepared  synthetically  as  follows  :  One  gram  of  the  hy- 
drochloride of  2-amino-4-chlorphenol  was  mixed  thoroughly 
with  I  gram  of  fused  sodium  acetate  and  covered  with  3  grams 
of  acetic  anhydride.  This  mixture  was  heated  to  boiling  un- 
der an  inverted  condenser  for  four  hours.  On  adding  water, 
a  part  did  not  go  into  solution,  and  this,  on  purification, 
melted  at  176°  C.  Mixed  with  the  acetyl  body  prepared  by 
the  above  method,  it  caused  no  depression  of  the  melting- 
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point.  It  had  also,  in  other  respects,  the  properties  of  acetyl- 
2-amino-4-chlorphenol. 

Ethenyl-4-chlor-2-aminophenol,       CH3C  :  N.CeHjClO.  —  The 

I I 

anhydro  base  was  prepared  for  comparison  of  its  hydrochlo- 
ride with  the  hydrochloride  of  4-chlor-2-aminophenyl  acetate. 
One  gram  acetyl-2-amino-4-chlorphenol  was  placed  in  an 
Anschiitz  distillation-bulb  and  heated  carefully.  It  melted 
at  176°  and  soon  afterward  drops  of  water  were  given  off 
which  collected  in  the  side  tube.  At  218°  to  220°  the  anhy- 
dro base  distilled  over.  The  distillate  was  p«-;ured  upon  a 
watch-crystal  and  placed  over  solid  potassium  hydroxide  in  a 
vacuum-desiccator.  White  needles  formed  at  once.  They 
melted  sharply  at  53°  to  54°.  These  crystals  have  a  peculiar, 
pleasant  odor.  They  are  soluble  in  dilute  acid,  insoluble  in 
alkali,  soluble  in  ether,  alcohol,  benzene,  and  chloroform. 
One-half  gram  was  dissolved  in  absolute  ether  and  dry  hydro- 
gen chloride  run  in.  After  some  time  a  white  precipitate 
formed.  This  was  filtered,  washed  with  absolute  ether,  and 
dried.  This  hydrochloride  is  soluble  in  dilute  acid,  insoluble 
in  alkali,  and  not  very  soluble  in  water.  It  is  soluble  in  alco- 
hol and  chloroform,  but  very  little  soluble  in  benzene.  It 
does  not  give  the  peculiar  milky  appearance  shown  by  the 
hydrochloride  of  4-chlor-2-aminophenyl  acetate  when  covered 
with  water.     It  melted  at  129°  to  130°. 5. 

0.1928  gram  of  the  hydrochloride  was  weighed  at  once  after 
precipitation,  covered  with  water,  and  the  acid  titrated  with 
N/io  sodium  hydroxide. 

Calculated  for 
CeHjONClj.  Found. 

CI  17-37  17-34 

This  hydrochloride  gave  off  hydrogen  chloride  on  standing, 
and,  after  two  days,  again  melted  at  53°  to  54°,  having  re- 
turned to  the  anhydro  base.  The  hydrochloride  was  mixed 
with  the  hydrochloride  of  4-chlor-2-aminophenyl  acetate. 
The  mixture  melted  below  100°  C. 

The  anhydro  base  (0.25  gram)  was  dissolved  in  absolute 
ether  and  chlorplatinic  acid  in  absolute  alcohol  solution  added. 
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The  yellow  precipitate  was  filtered  and  washed  with  ether 
containing  some  alcohol.  The  chlorplatinateis  with  difficulty 
soluble  in  alcohol,  insoluble  in  benzol,  chloroform,  and 
ligroin.  Covered  with  water  and  rubbed,  it  turned  white 
with  evident  decomposition.  Heated  in  a  melting-point  tube, 
it  did  not  darken  or  melt  at  220°  C. 

0.0202  gram  chlorplatinate  gave  0.0053  gram  Pt. 


Calculated  for 
CjeHuOoNsPtCls. 

Found. 

26.16 

26.20 

Pt 

The  evidence  is  conclusive  that  with  proper  precautions  an 
^-aminophenyl  acetate  can  be  isolated  as  the  primary  reduc- 
tion-product of  the  c-nitrophenyl  acetates.  Hiibner,  Stiinkel, 
Bottcher,  and  others,  who  have  studied  the  reduction  of  these 
bodies,  failed  to  obtain  the  amines,  most  likely  because  heat 
was  probably  allowed  to  generate  during  the  reduction,  with 
a  consequent  change  of  the  amine  by  rearrangement  into  the 
oxyacetanilide  or  by  a  loss  of  water  into  an  anhydro  base. 

I  wish  here  to  express  my  thanks  to  Professor  Stieglitz  for 
the  careful  attention  he  has  given  to  each  part  of  this  work. 
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Nef^  has  shown  that  pure  hydrogen  peroxide  and  acetic 
anhydride  reacting  with  each  other  yield  acetic  peroxide. 
Baeyer'  found  that  the  same  substance  was  formed  by  the  ac- 
tion of  acetic  anhydride  upon  an  aqueous  solution  of  hydro- 
gen peroxide.  Neither  of  these  authors  attempt  to  explain 
the  reaction  which  takes  place  and  one  might  be  led  to  sup- 
pose that  the  peroxide  was  formed  by  the  direct  addition  of 
oxygen  to  the  anhydride.  In  considering  the  reaction  of  hy- 
drogen peroxide  upon  benzoyl  acetyl  oxide,  however,  Nef  as- 
sumes the  following  reaction  to  take  place  : 

1  Ann.  Chem.  (I,iebig),  398,  287. 
*  Ber.  d.  chem.  Ges.,  33,  1569. 


44  Clover  and  Houghton. 

CsH^CO  HO  CH3COO 

O  +  =  +  H,0. 

CH3CO  HO  CeH.COO 

In  attempting  to  prepare  other  peroxides  by  the  action  of 
anhydrides  upon  hydrogen  peroxide  we  have  found  that  only 
the  anhydrides  of  the  simple  acids  react  with  hydrogen  per- 
oxide, i.  e.,  anhydrides  which  are  acted  upon  by  water. 
Even  when  the  more  complex  and  less  soluble  anhydrides  are 
brought  together  with  hydrogen  peroxide  in  ethereal  solu- 
tion, there  is  no  reaction. 

From  experimental  facts  which  will  be  brought  out  later  in 
this  article,  it  will  be  seen  that  the  action  of  hydrogen  per- 
oxide upon  anhydrides  is  not  a  simple  one  :  that  the  reaction 
is  very  similar  to  that  of  water  upon  anhydrides,  and  the 
formation  of  peroxides  depends  upon  two  distinct  reactions. 

Changes  in  Acetic  Peroxide  when  Dissolved  in  an  Aqueous  Solu- 
tion of  Hydrogen  Peroxide. 

The  changes  which  an  aqueous  solution  of  acetic  peroxide 
undergoes  have  been  previously  studied  by  one  of  the  authors 
in  connection  with  G.  F.  Richmond.'  It  was  found  that  the 
substance  was  hydrolyzed  with  the  formation  of  acetic  acid 
and  acetic  peracid,  and  it  was  shown  that  acetic  peracid  could 
be  distinguished  from  acetic  peroxide  by  its  very  rapid  action 
upon  potassium  iodide.  The  action  of  acetic  peroxide  in  di- 
lute solution  upon  potassium  iodide,  if  the  latter  be  not  in 
large  excess,  is  so  slow  that  the  iodine  liberated  by  the  per- 
acid may  be  estimated  with  little  error. 

We  have  found  that  when  acetic  peroxide  is  dissolved  in  a 
solution  of  hydrogen  peroxide  there  is  a  similar  change  into 
peracid,  but  that  the  amount  of  peracid  in  the  solution  is 
more  than  can  be  accounted  for  by  the  reaction  of  the  peroxide 
upon  water  ;  moreover,  that  there  is  a  gradual  loss  of  hydro- 
gen peroxide  in  the  solution,  the  active  oxygen  of  which  is 
found  combined  with  the  acetyl  group.  In  order  to  follow 
these  changes,  it  is  necessary  to  be  able  to  accurately  esti- 

1  This  Journal,  29,  179. 
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mate  hydrogen  peroxide,  acetic  peroxide,  and  acetic  peracid 
in  the  presence  of  each  other. 

In  dilute  solutions  containing  no  mineral  acid,  the  action  of 
hydrogen  peroxide,  as  well  as  acetic  peroxide,  upon  potas- 
sium iodide,  is  so  slow  that  with  practice  one  may  accurately 
estimate  peracid  by  adding  a  drop  or  two  of  strong  potassium 
iodide  solution  and  titrating  immediately  with  thiosulphate. 
If  only  a  small  amount  of  potassium  iodide  is  added,  there 
need  be  no  especial  hurry  in  making  the  titration  ;  after  the 
removal  of  the  "  immediate"  iodine,  the  further  liberation  can 
be  seen  to  be  very  slow.  If  too  much  potassium  iodide  is 
used  it  is  necessary  to  operate  quickly  and  to  make  a  pre- 
liminary titration  to  obtain  approximately  the  amount  of 
thiosulphate  required ;  the  estimation  may  then  be  made 
quickly.  In  either  case,  after  a  little  practice,  one  may  satisfy 
himself  of  the  accuracy  of  the  result. 

The  estimation  of  hydrogen  peroxide  may  be  accurately 
made  by  adding  to  a  large  excess  of  dilute  sulphuric  acid 
(2N  acid  was  used)  and  titrating  with  permanganate.  It 
has  been  previously  shown  that  peracids  oxidize  manganous 
salt  to  permanganic  acid,  and  that  this  action  interferes  with 
the  estimation  as  ordinarily  made  ;  however,  in  very  dilute 
solution,  which  is  strongly  acidified,  this  action  is  so  retarded 
that  there  is  little  error. 

The  following  experiments  illustrate  the  accuracy  of  the 
method  : 

Ten  cc.  of  a  solution  of  commercial  hydrogen  peroxide 
titrated  with  N/20  permanganate  in  the  ordinary  manner  re- 
quired 23.7  cc.  A  strong  solution  of  pure  acetic  peroxide^ 
was  made  and  allowed  to  stand  for  four  hours.  At  the  end  of 
this  time  the  peracid  in  i  cc.  of  the  solution  was  represented 
by  6.1  cc.  N/20  thiosulphate;  the  unchanged  peroxide  by 
6.6  cc.  Only  a  trace  of  hydrogen  peroxide  had  been  de- 
veloped. 

Separate  portions,  of  10  cc.   each,  of  the  above  solution  of 

1  The  acetic  peroxide  used  in  this  work  was  prepared  according  to  the  method 
of  Clover  and  Richmond  (Loc.  cii.)  and  was  recrystallized  from  ligroin  just  before 
using. 
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hydrogen  peroxide  were  then  each  diluted  to  300  cc.  with  di- 
lute sulphuric  acid  and  cooled  to  10°.  To  the  first  was  then 
added  i  cc.  of  the  above  solution  of  acetic  peroxide  and  per- 
acid,  to  the  second  2  cc,  to  the  third  3  cc,  and  to  the  fourth 
4  cc.  These  solutions  were  then  titrated  with  N/20  perman- 
ganate. 

Required, 
cc. 

1  23.65 

2  23.60 

3  23.65 

4  23.55 

In  the  fourth  solution  the  amount  of  active  oxygen  as  per- 
acid  was  nearly  equal  to  that  as  hydrogen  peroxide.  To  ob- 
tain accurate  results  it  is  necessary  to  make  the  titration 
quickly,  and  to  do  this  it  is  necessary,  in  case  the  amount 
of  hydrogen  peroxide  in  the  solution  is  unknown,  to  make  a 
preliminary  titration  in  order  to  obtain  approximately  the 
volume  of  permanganate  required. 

The  acetic  peroxide  cannot  be  directly  estimated,  but  may 
be  obtained  by  difference  after  estimating  the  total  active 
oxygen.  This  may  be  accurately  done  by  dissolving  in  a 
small  amount  of  20  per  cent  acetic  acid  containing  potassium 
iodide  and  allowing  to  stand  for  a  half  hour,  then  diluting 
and  titrating  with  thiosulphate.  Careful  experiments  with 
known  quantities  of  hydrogen  peroxide,  acetic  peroxide,  and 
acetic  peracid  have  shown  that  all  of  these  substances  may  be 
accurately  estimated  in  this  way.  A  correction  obtained  from 
a  blank  solution  may  be  applied. 

A  solution  of  commercial  hydrogen  peroxide  containing 
30.5  grams  per  liter  was  nearly  saturated  with  pure  acetic 
peroxide.  The  contents  of  the  solution  were  estimated  as 
quickly  as  possible  after  it  was  made  and  then  at  intervals. 
The  temperature  of  the  solution  remained  constant,  23°. 

For  the  estimation  of  hydrogen  peroxide  i  cc.  of  the  solu- 
tion was  removed  and  diluted  to  100  cc.  Fifty  cc.  of  this  were 
removed,  and  after  diluting  to  300  cc  with  dilute  sulphuric  acid, 
were  titrated  with  N/20  permanganate,  as  already  described. 
This  number  multiplied  by  2  is  the  one  given  in  the  table. 
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For  the  estimation  of  peracid,  i  cc.  of  the  solution  was 
added  to  300  cc.  of  water,  a  small  amount  of  potassium  iodide 
solution  added,  and  the  iodine  liberated  was  titrated  quickly 
with  N/20  thiosulphate. 

The  total  active  oxygen  contained  in  i  cc.  of  the  solution 
was  determined  by  dissolving  in  6  or  7  cc.  of  a  20  per  cent 
solution  of  acetic  acid  containing  potassium  iodide,  and  al- 
lowing to  stand  for  one-half  hour.  The  solution  was  then  di- 
luted and  the  free  iodine  estimated  with  N/20  thiosulphate. 
Only  a  slight  correction,  amounting  to  about  2  drops  of  thio- 
sulphate, is  necessary. 

The  three  portions  to  be  estimated  were  removed  from  the 
original  solution  as  quickly  as  possible  after  each  other. 
After  being  diluted  as  described  no  further  change  takes 
place  in  the  diluted  solution  during  the  time  necessary  to 
carry  on  the  estimations. 


Time  in 
hours. 

N,20  thiosul- 
phate 
(immediate). 

N,'2o  thiosul- 
phate 
total. 

N/20  perman- 
ganate. 

N/20  thiosulphate 

representing 
acetic  peroxide. 

cc. 

cc. 

cc. 

cc. 

48.5 

35-0 

13-5 

2 

6.7 

48.0 

31-7 

9.6 

7 

12.7 

47-5 

28.8 

6.0 

24 

13-9 

46.1 

27.8 

4.4 

An  inspection  of  these  figures  brings  out  the  following 
facts : 

( 1 )  At  the  end  of  two  hours  the  amount  of  active  oxygen 
as  peracid  in  the  solution  is  just  one-half  of  that  originally 
present  as  peroxide.  The  formation  of  peracid  is,  there- 
fore, much  faster  than  in  aqueous  solution.^ 

(2)  The  amount  of  hydrogen  peroxide  in  the  solution 
rapidly  decreases;  further,  the  solution  gradually  loses 
in  total  active  oxygen,  but  the  loss  in  hydrogen  peroxide 
is  much  greater  than  the  loss  in  total  active  oxygen. 

(3)  At  each  interval  the  total  active  oxygen  present  as 
peroxide  and  peracid  is  considerably  greater  than  that  origi- 
nally present  as  peroxide.    Acetic  peracid  is,  therefore,  formed 

1  Clover  and  Richmond  :  Loc.  cit. 
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at  the  expense  of  the  active  oxygen  of  the  hydrogen  peroxide. 

The  solution  of  hydrogen  peroxide  employed  contained  a 
small  amount  of  soluble  mineral  matter,  which  has  a  much 
greater  catalytic  action  upon  acetic  peracid  than  upon  hydro- 
gen peroxide.  This  partly  accounts  for  the  loss  in  active 
oxygen ;  however,  this  loss  was  greatest  during  the  first 
stages  of  the  reaction  at  the  time  when  the  amount  of  peracid 
was  smallest.  Active  evolution  of  oxygen  in  the  solution  was 
most  noticeable  during  the  first  hour  or  two.  The  greater 
part  of  the  loss  is,  therefore,  intimately  connected  with  the  re- 
action itself.  During  the  last  stages  of  the  reaction  the  per- 
acid is  evidently  decomposed  faster  than  it  is  form^^d. 

The  action  of  hydrogen  peroxide  upon  acetic  peroxide  re- 
sulting in  the  formation  of  more  peracid  than  would  be  formed 
by  the  ordinary  hydrolysis,  is  most  easily  explained  as  fol- 
lows : 


CH3COO        H 

-f-  —     2CH3COOOH. 

CH,COO       OOH 


Owing  to  the  instability  of  the  substances  in  question  it  is 
not  possible  to  say  that  they  react  in  the  proportion  indicated. 
The  reaction  suggests  that  of  water  upon  acetic  peroxide. 
L/Ooked  on  in  this  light  the  possibility  of  a  reaction,  accord- 
ing to  the  following  equation,  suggests  itself : 

CHjCOO       H 

H-  =     CH3COOH  +  CH,COOOOH. 

CH3COO       OOH 

Assuming  such  a  reaction  to  take  place,  the  loss  of  oxygen, 
already  referred  to,  would  be  accounted  for  by  the  instability 
of  the  substance  CH3COOOOH,  a  derivative  of  the  hypo- 
thetical trioxide  of  hydrogen. 

A  number  of  experiments,  similar  to  the  one  described,  were 
carried  out  with  different  solutions  of  hydrogen  peroxide,  and 
in  all  cases  the  same  general  results  were  obtained. 
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Action  of  an  Aqueous  Solution   of  Hydrogen   Peroxide   upon 
Acetic  Anhydride. 

When  acetic  anhydride  is  dissolved  in  hydrogen  peroxide 
solution  both  acetic  peracid  and  peroxide  are  soon  present  in 
the  solution.  The  peracid  in  the  solution  may  result  from 
the  hydrolysis  of  previously  formed  peroxide,  or  it  may  be 
formed  directly  by  the  action  of  hydrogen  peroxide  upon  an- 
hydride. A  study  of  the  rates  of  formation  of  these  two  sub- 
stances has  led  to  the  conclusion  that  the  peracid  is  the  first 
substance  formed. 

The  rate  of  formation  of  peracid  in  solutions  of  hydrogen 
peroxide  of  different  strength  is  shown  in  the  table  given  be- 
low. The  best  commercial  hydrogen  peroxide  was  used, 
which  was  concentrated  to  the  strength  given  by  distillation 
in  a  vacuum.  The  acetic  anhydride  was  fractionated  before 
using. 

Twenty  cc.  of  hydrogen  peroxide  solution  (61.6  grams  per 
liter)  were  brought  to  a  temperature  of  21°  and  i  cc.  of  acetic 
anhydride  added.  The  latter  was  dissolved  quickly  by 
shaking  and  the  solution  was  kept  at  21°.  At  different  inter- 
vals, I  cc.  of  the  resulting  solution  was  removed  and  the  per- 
acid present  estimated  in  the  manner  already  described.  As 
the  intervals  of  time  are  necessarily  small,  on  account  of  the 
rapidity  of  the  reaction,  it  was  necessary  to  fill  the  pipette 
just  before  the  time  indicated  and  at  the  proper  time  to  de- 
liver the  solution  into  a  large  volume  of  water,  in  order  to 
stop  or  greatly  retard  any  further  reaction  between  the  con- 
stituents. The  results  obtained  appear  in  the  first  column 
below.  In  the  second  column  are  the  results  of  a  duplicate 
experiment  carried  out  in  exactly  the  same  manner. 

A  solution  of  hydrogen  peroxide  of  different  strength  (45.4 
grams  per  liter)  was  also  employed.  The  experiments  with 
this  solution  were  carried  out  in  exactly  the  same  way  as  de- 
scribed above,  all  conditions  and  measurements  being  the 
same.  The  results  duplicated  are  placed  in  columns  III.  and 
IV. 
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I. 

II. 

III. 

IV. 

Time  in 

N/20  thiosul- 

N/20  thiosul- 

N/20  thiosul- 

N/20  thiosul- 

minutes. 

phate. 

phate. 

phate. 

phate. 

3 

I.O 

1.0 

0.7 

0-75 

6 

1-4 

1-3 

0.9 

0.9 

9 

1.6 

1-5 

1.0 

1.0 

12 

1-7 

1.65 

I.I 

I.I 

15 

1.8 

1-75 

1.2 

1.2 

i8 

1-9 

1-95 

21 

2.2 

27 

2-5 

30 

2.6 

It  will  be  noted  that  the  rate  of  formation  of  peracid  is  large 
at  first,  but  is  soon  checked.  So  long  as  acetic  anhydride  is 
present  in  the  solution  there  would  be  a  limit  to  tne  concen- 
tration of  peracid  owing  to  the  ready  reaction  between  the 
two  substances.^ 

As  soon  as  anhydride  is  removed  from  the  solution,  the 
formation  of  peracid  by  the  hydrolysis  of  peroxide  should 
continue  at  a  uniform  rate.  To  determine  whether  or  not  the 
relatively  large  amounts  of  peracid  present  in  the  solution  at 
the  earlier  intervals  can  be  accounted  for  by  the  hydrolysis  of 
peroxide  present,  necessitates  a  determination  of  the  amount 
of  the  latter  substance  in  the  solution  at  different  intervals. 

The  amount  of  acetic  peroxide  was  obtained  as  in  the  pre- 
vious case,  by  subtracting  from  the  total  active  oxygen  the 
sum  of  the  active  oxygen  as  hydrogen  peroxide  and  as  per- 
acid. The  total  active  oxygen  was  obtained  in  the  manner 
already  described.  The  hydrogen  peroxide  was  also  estima- 
ted as  previously  described.  Careful  experiments  showed 
that  a  known  amount  of  hydrogen  peroxide  could  be  accu- 
rately estimated  under  the  conditions  employed  and  in  the 
presence  of  the  maximum  amount  of  peracid,  peroxide,  and 
anhydride  which  might  be  in  the  solution  to  be  examined. 
As  this  determination  is  of  vital  consequence  to  the  results 
obtained  and  the  conclusions  drawn,  a  few  of  these  experi- 
ments will  be  given. 

A  definite  volume  of  hydrogen  peroxide  solution  was  esti- 
mated in  the  usual  manner  with  N/20  permanganate.  Re- 
quired, 16.8  cc.  ;  duplicated,  16.85  cc. 

Clover  and  Richmond  :  Loc.  cit. 
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The  same  volume  of  hydrogen  peroxide  was  added  to  250 
cc.  of  dilute  sulphuric  acid  (2N)  and  again  estimated.  Re- 
quired, 16.85  cc.  ;  duplicated,  16.85  cc. 

The  same  volume  of  hydrogen  peroxide  was  added  to  250 
cc.  of  dilute  sulphuric  acid  (2N).  0.05  gram  of  acetic  an- 
hydride was  added,  together  with  a  solution  of  acetic  per- 
oxide, which  had  stood  four  or  five  hours  and  was  equivalent 
to  4  cc.  N/20  thiosulphate  "  immediate,"  and  9  cc.  total. 
Required,  16.85  cc.  permanganate. 

The  estimation  of  acetic  peroxide  in  this  manner  is  depend- 
ent upon  three  other  determinations,  each  of  which  is  liable 
to  a  reasonable  experimental  error.  The  numbers  obtained 
are,  therefore,  approximate  ones,  but  are  all  that  can  be  de- 
sired. 

The  following  experiments  were  made  with  the  same  solu- 
tions of  hydrogen  peroxide  as  were  previously  employed  in 
the  estimation  of  peracid,  and  were  carried  out  in  exactly  the 
same  manner,  care  being  taken  to  make  all  conditions  and 
measurements  the  same.  The  portion  to  be  estimated  for  hy- 
drogen peroxide  was  delivered  into  500  cc.  of  water  at  the 
proper  time.  Only  a  portion  of  this  was  titrated,  the  num- 
bers appearing  in  the  table  representing  the  entire  amount. 
It  was  not  necessary  to  remove  the  portion  to  be  estimated 
for  total  active  oxygen  at  exactly  the  time  indicated,  as  there 
is  little  variation  in  this  value,  during  the  time  of  the  experi- 
ment. The  figures  in  the  table  represent  the  amounts  of 
N/20  solutions  required  by  i  cc.  of  the  reaction  mixture  : 
Hydrogen  Peroxide,  61.6  Grams  Per  Liter. 


Time  in             Total             Immediate 
minutes,     thiosulphate.  thiosulphate. 

Permanganate 

Thiosulphate 

representing 

peroxide. 

3               68.7              I.O 
6              68.8             1.35 
18              68.7             1.9 
30              68.9             2.6 

66.95 

66.1 
64.4 
64.2 

0.75 

1-35 
2.4 

2.1 

Hydrogen  Peroxide,  45.4 

Grams  Per  Liter. 

Time  in             Total              Immediate 
minutes,     thiosulphate.    thiosulphate. 

Permanganate 

Thiosulphate 

representing 

peroxide. 

3              51-0              0.7 

6              50.8              0.9 

18              50.8              1.3 

49-9 
48.1 
46.65 

0.4 

1.8 
2.85 
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Repetition  of  these  experiments  a  number  of  times  gave 
values  which  varied  within  a  comparatively  narrow  range  for 
reasons  already  mentioned.  In  no  case,  however,  were  the 
numbers  found  to  exceed  those  given  by  more  than  i.e. 

Experiments  were  made  to  determine  the  rate  of  hydroly- 
sis of  acetic  peroxide  in  a  solution  of  hydrogen  peroxide. 
The  solutions  of  hydrogen  peroxide  used  were  the  same  as  in 
the  previous  experiments.  A  solution  of  acetic  peroxide  (ap- 
proximately N/5)  was  made  by  dissolving  1.2  grams  of  pure 
acetic  peroxide  in  100  cc.  of  hydrogen  peroxide.  This  con- 
centration of  acetic  peroxide  is  considerably  greater  than  that 
at  any  time  in  either  of  the  solutions  examined.  The  tem- 
perature remained  at  21°.  The  peracid  in  i  cc.  of  the  solu- 
tion was  estimated  at  intervals  in  the  usual  manner.  The 
amount  is  represented  in  the  tables  below  by  N/20  thiosul- 
phate,  column  I.  representing  the  stronger  solution  of  hy- 
drogen peroxide  and  column  II.  the  weaker : 

Time  in 

minutes.  I.  II. 

2  0.2  0.2 

4  0-3  0-3 

8  0.45  0-4 

16  0.8  0.6 

These  numbers  are  to  be  compared  with  those  obtained  for 
peracid  in  the  previous  experiments.  It  is  evidently  impossi- 
ble to  account  for  the  amount  of  peracid  in  those  solutions,  as- 
suming that  it  is  formed  by  the  hydrolysis  of  acetic  peroxide. 
The  comparison  applies  especially  to  the  earlier  stages  of  the 
reaction.  It  is  known  that  later  acetic  peroxide  is  formed  in 
considerable  amount,  and  that  this  eventually  hydrolyzes  to 
peracid. 

To  make  sure  that  the  acetic  acid  present  in  the  original 
experiment  had  no  accelerating  action  on  the  rate  of  hydroly- 
sis of  the  peracid,  the  reactions  were  compared  in  hydrogen 
peroxide  solution  of  about  5.5  per  cent,  and  in  a  10  per  cent 
acetic  acid  solution,  containing  the  same  concentration  of 
hydrogen  peroxide.  The  same  amount  of  pure  acetic  per- 
oxide was  added  to  each   solution.     The  amounts  of  peracid 
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formed  at  intervals  in  i  cc.  of  the  solutions  as  represented  by 
N/20  thiosulphate  are  given  below  : 

Time  in  Acetic  acid  Unacidified 

minutes.  solution.  solution. 

20  0.3  I.I 

40  0.6  1.8 

60  0.8  2.3 

It  will  be  seen  that  the  acid  has  a  retarding  rather  than  an 
accelerating  influence. 

It  is  evident  that  acetic  peracid  results  directly  from  the 
action  of  acetic  anhydride  upon  hydrogen  peroxide,  probably 
according  to  the  following  equation  : 

CH3CO  H 

O  +  =     CH3COOH  +  CH3COOOH. 

CH3CO  OOH 

This  reaction  is  analogous  to  that  of  acetic  peroxide  upon 
hydrogen  peroxide,  already  considered.  Here  again,  we 
must  notice  the  similarity  between  the  action  of  hydrogen 
peroxide  and  ordinary  hydrolysis  by  means  of  water. 

One  of  us  has  previously  shown^  that  peracids,  even  in  very 
dilute  solutions,  are  extremely  reactive  toward  substances 
capable  of  ordinary  hydrolysis.  It  was  shown  that  either 
benzoic  or  acetic  peracids  could  be  almost  completely  con- 
verted into  benzoic  acetic  and  acetic  peroxides,  respectively, 
even  in  very  dilute  aqueous  solution,  b}'-  the  addition  of  a 
small  amount  of  acetic  anhydride  to  the  solution.  The  forma- 
tion of  the  peroxide  is,  therefore,  to  be  explained  by  the  ac- 
tion of  peracid  upon  unchanged  anhydride.  The  great  ten- 
dency for  these  substances  to  react  is  seen  in  the  sudden  check 
in  the  rate  of  formation  of  peracid  during  the  reaction  of 
acetic  anhydride  upon  the  solution  of  hydrogen  peroxide. 

Propionic  anhydride  was  also  found  to  show  the  same 
general  behavior  toward  hydrogen  peroxide  as  acetic  anhy- 
dride. Its  action  is  slower,  but  on  accouni  of  its  sparing  sol- 
ubility it  is  less  suitable  for  study. 

Since  acetic  peroxide  is  almost  completely  changed  to  per- 
acid  in  the  course  of  twenty-four  hours,   experiments  were 

1  Loc.  c-it. 
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made  to  determine  the  practicability  of  preparing  a  solution 
of  acetic  peracid  by  allowing  a  solution  of  anhydride  in  hy- 
drogen peroxide  to  stand  for  this  length  of  time. 

(i)  Two  cc.  of  acetic  anhydride  were  added  to  loo  cc.  of  a 
3.2  per  cent  commercial  hydrogen  peroxide  solution,  and  kept 
cool  by  immersing  in  a  vessel  of  water.  After  twenty-four 
hours  the  total  amount  of  peracid  in  the  solution  estimated  in 
the  usual  manner  was  0.33  gram.  From  this  it  follows  that 
about  22  per  cent  of  the  anhydride  entered  into  reaction  with 
hydrogen  peroxide. 

(2)  Five  cc.  of  acetic  anhydride  were  added  to  100  cc.  of 
the  same  hydrogen  peroxide  solution  and  kept  cool.  After 
twenty-four  hours  the  solution  contained  0.82  gram  peracid. 
Here  again,  22  per  cent  of  the  anhydride  entered  into  com- 
bination with  the  hydrogen  peroxide. 

(3)  Ten  cc.  of  anhydride  were  added  to  100  cc.  of  the  same 
hydrogen  peroxide  solution,  and  kept  cool.  After  twenty- 
four  hours  there  were  1.54  grams  of  peracid  in  the  solution. 
In  this  case  21  per  cent  of  the  anhydride  entered  into  reaction 
with  the  hydrogen  peroxide. 

These  experiments  bring  out  an  important  fact  ;  namely, 
that  the  rate  of  the  reaction  of  hydrogen  peroxide  with  anhy- 
dride is  much  greater  than  that  of  water  with  anhydride.  From 
the  relative  concentrations  of  the  two  substances  in  the  above 
solutions  it  might  be  expected  that  if  the  rates  were  nearly 
equal,  only  a  little  over  3  per  cent  of  the  anhydride  would  have 
reacted  with  the  hydrogen  peroxide.  The  fact  that  about  the 
same  percent  was  obtained  in  the  three  experiments  shows  that 
the  acetic  acid  has  little  influence  upon  the  relative  rates.  An 
excess  of  hydrogen  peroxide  was  present  in  each  experiment. 
In  the  third  only  a  little  over  20  percent  of  the  hydrogen  per- 
oxide was  used,  and  in  the  others  much  less.  The  secondary 
reaction  of  anhydride  upon  peracid  would  only  tend  to  de- 
stroy the  anhydride,  and  decrease  the  yield  of  peracid,  as  the 
active  oxygen  remains  the  same  after  this  reaction. 

A  much  better  yield  of  peracid  may  be  obtained  by  using  a 
stronger  solution  of  hydrogen  peroxide,  easily  obtained  by 
concentrating  in  a  vacuum. 
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Twenty  cc.  of  a  solution  of  hydrogen  peroxide  containing 
104  grams  per  liter  were  added  to  6.1  grams  of  anhydride, 
and  the  mixture  shaken  and  kept  cool  until  the  anhydride 
had  gone  into  solution.  It  was  then  allowed  to  stand  in  a 
vessel  of  water  for  twenty-four  hours.  At  the  end  of  this  time 
hydrolysis  was  complete,  and  the  solution  contained  about  2 
grams  of  peracid,  about  45  per  cent  of  the  theoretical  yield. 

Anhydrides  of  Dibasic  Acids. 

CH.COOH 

I 

CH.COO 
Succinic  Peroxide  Acid,  \      . — When   a    3   per    cent 

CH.COO 

I 
CH.COOH 

solution  of  hydrogen  peroxide  is  saturated  with  succinic  an- 
hydride, the  oxidizing  power  of  the  solution  rapidly  changes, 
as  can  be  noted  by  its  effect  on  potassium  iodide.  The  prod- 
ucts of  the  reaction  remain  dissolved,  however,  as  there  is  no 
precipitation  from  the  solution.  If  a  stronger  solution  of  hy- 
drogen peroxide  be  employed  and  excess  of  anhydride  be 
added,  and  the  mixture  shaken,  so  as  to  keep  the  solution 
saturated  with  the  anhydride,  a  precipitation  soon  occurs. 
The  anhydride  used  was  in  the  form  of  broken  pieces  of  a 
solid  product,  and  after  agitation  it  quickly  settled  to  the  bot- 
tom of  the  vessel.  The  precipitate  consists  of  very  fine  crys- 
tals, and  remains  suspended  in  the  liquid.  After  a  consider- 
able quantity  had  formed  it  was  filtered,  washed  several  times 
with  water,  dried  quickly  by  packing  tightly  on  a  porous 
plate,  then  pulverized  and  allowed  to  remain  in  a  vacuum  for 
several  hours.  For  analysis  it  was  recrystallized  from  ace- 
tone. The  active  oxygen  was  estimated  by  dissolving  the 
substance  in  a  small  amount  of  water,  adding  an  excess  of 
potassium  iodide,  and  titrating  at  once  with  standard  thiosul- 
phate. 

0.2383  gram  substance  gave  0.3563  gram  CO^  and  0.0871 
gram  H^O. 

0.1232  gram  substance  required  20.82  cc.  N/20thiosulphate. 
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Calculated  for 

CgHioOg.  Found. 

C  41.00  40-78 

H  4.31  4.10 

O  (Active)  6.84  6.78 

The  amount  of  succinic  acid  present  in  the  substance  after 
complete  hydrolysis  and  removal  of  active  oxygen  was  deter- 
mined and  found  to  agree  with  the  theoretical. 

The  substance  was  covered  with  about  20  parts  of  water  in 
a  test-tube,  a  pinch  of  platinum  black  added,  and  allowed  to 
stand  for  a  week.  The  succinic  acid  formed  was  then  esti- 
mated by  titrating  with  N/io  potassium  hydroxide. 

0.1954  gram  substance  required  33.25  cc.  N/io  KOH. 

Calculated,  33.40  cc. 

0.1290  gram  substance  required  22  cc.  N/io  KOH. 

Calculated,  22.05  cc. 

The  substance  is  moderately  soluble  in  water,  alcohol,  ace- 
tone, and  acetic  ether  ;  sparingly  in  ether ;  insoluble  in 
chloroform,  benzene,  and  ligroin.  It  is  colorless  and,  when 
pure,  odorless.  The  crystals  are  flat  plates,  generally  very 
irregular.  The  substance  begins  to  soften  at  115°  and  is  com- 
pletely melted  at  128°  with  decomposition.  When  brought 
into  a  flame  it  explodes  ;  it  does  not  explode  on  percussion  or 
friction.  When  openly  exposed  to  the  air  it  slowly  deterio- 
rates, but  when  well  stoppered  no  deterioration  could  be  de- 
tected after  several  months. 

Assuming  the  action  of  succinic  anhydride  upon  hydrogen 
peroxide  to  be  similar  to  that  of  acetic  anhydride,  the  first 
step  is  the  formation  of  succinic  monoperacid, 

CH.CO  H  CH3COOH 

10+  =1 

CH.CO  OOH  CH.COOOH 

At  the  same  time  a  certain  amount  of  anhydride  undergoes 
ordinary  hydrolysis  with  water  with  the  formation  of  succinic 
acid.  The  strength  of  the  hydrogen  peroxide  solution  em- 
ployed determines  the  proportion  in  which  the  anhydride  en- 
ters into  each  of  these  reactions.  Succinic  monoperacid  is 
very  soluble  in  water  and  does  not  separate  from  the  solution. 
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The  second  step  in  the  formation  of  the  peroxide  acid  is  the 
action  of  succinic  monoperacid  upon  succinic  anhydride  : 

CH.COOH 

I 
CH.CO    CH,COOH      CH.COO 
I    0+  I         -  I     . 

CH,CO    CH.COOOH     CH.COO 

CH.COOH 

The  best  yield  of  the  peroxide  acid  is  obtained  by  employ- 
ing a  7.5  to  8  per  cent  solution  of  hydrogen  peroxide. 

Ten  grams  of  ordinary  crystalline  succinic  anhydride  were 
added  to  25  cc.  of  7.5  per  cent  hydrogen  peroxide  and  the 
mixture  shaken.  The  temperature  gradually  rose,  but  was 
kept  below  30°.  At  the  end  of  thirty-five  minutes  there  was 
no  further  rise  in  temperature,  indicating  that  all  anhydride 
had  been  dissolved.  The  product  was  then  filtered  and 
washed  several  times  with  small  portions  of  water.  It  was 
then  packed  tightly  on  a  porous  plate,  placed  in  a  warm 
place,  and  after  an  hour  was  perfectly  dry.  An  analysis 
showed  the  substance  to  be  pure.     Yield,  7.5  grams. 

When  excess  of  the  peroxide  is  added  to  water  and  shaken 
the  amount  dissolved  gradually  increases.  This  increase  is 
due  to  the  hydrolysis  of  the  dissolved  peroxide,  which  takes 
place  according  to  the  laws  previously  developed.^  The  rate 
of  the  reaction  is  much  greater  than  that  with  any  peroxide 
previously  studied. 

An  excess  of  finely  pulverized  peroxide  was  continuously 
shaken  with  water  at  about  24°.  At  intervals  of  five,  ten, 
fifteen,  and  twenty-five  minutes  a  small  portion  of  the  mix- 
ture was  filtered  and  the  amount  of  peroxide  dissolved  was 
determined.  At  the  end  of  five  minutes  the  solution  con- 
tained 19.8  grams  per  liter;  at  the  end  of  ten  minutes,  24.5 
grams  per  liter ;  at  the  end  of  fifteen  minutes,  28.4  grams  per 
liter;  and  at  the  end  of  twenty-five  minutes,  35.8  grams  per 
liter.  At  this  rate  of  hydrolysis,  the  original  solubility  may 
be  placed  approximately  at  15  grams  per  liter.  At  the  end  of 
fifteen  minutes  the  original  solubility  is  almost  doubled. 

1  Loc.  ctt. 
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A  large  excess  of  peroxide  was  added  to  water  in  a  beaker 
and  kept  stirred  continuously  for  several  hours.  The  rate  of 
hydrolysis  as  indicated  by  the  active  oxygen  content  of  the 
solution  was  found  to  decrease  as  the  solution  became  stronger. 
At  the  end  of  one-half  hour  hydrogen  peroxide  could  easily 
be  detected  in  the  solution  by  means  of  the  titanic  or  chromic 
acid  tests.  After  six  hours  an  appreciable  portion  of  the  ac- 
tive oxygen  of  the  solution  (over  0.5  per  cent)  was  present  as 
hydrogen  peroxide.  By  this  means  it  was  possible  to  obtain 
a  very  strong  solution  of  the  products  of  hydrolysis.  The 
substance  hydrolyzes  according  to  the  following  equations. 
The  second  change  is  much  slower  than  the  first  • 


CH.COOH 

1 

CH.COOH 

(l) 

CH.COO     H 

1   + 
CH.COO     OH 

CH,COOH 

CH,COOH 
1 

CH,COOH 

CHjCOOOH 

(2) 

CH,COOH 

1 
CH,COOOH 

H 
OH 

CH.COOH 

1       +  HA- 

CH,COOH 

Succinic  peroxide  acid  presents  a  striking  difference  from 
other  bodies  of  the  peroxide  type  in  the  behavior  af  the  un- 
hydrolyzed  substance  toward  potassium  iodide.  The  action 
of  the  peroxide,  as  well  as  its  hydrolytic  product  upon  potas- 
sium iodide,  is  almost  immediate,  so  that  the  substances  can- 
not be  distinguished  from  each  other  as  could  the  peroxides 
and  peracids  of  monobasic  acids.  When  an  excess  of  potas- 
sium iodide  is  added  to  a  fresh  saturated  solution  of  the  per- 
oxide acid,  or  to  the  same  solution  after  standing  an  hour, 
and  which  would,  therefore,  be  mostly  hydrolyzed,  the  calcu- 
lated amount  of  iodine  is  liberated  in  the  short  time  required 
to  make  the  titration  with  standard  thiosulphate.  If  the 
solution  is  very  dilute,  a  minute  or  two  is  required  before  the 
liberation  of  iodine  is  complete.  It  was  not  possible,  there- 
fore, to  study  the  hydrolysis  of  the  peroxide  acid  in  dilute 
solution.     The  change  into  hydrogen  peroxide  could  be  fol- 
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lowed,  however,  by  comparing  the  immediate  liberation  of 
iodine  with  the  total. 

The  following  figures  indicate  the  gradual  formation  of 
hydrogen  peroxide  :  (i)  in  a  i  to  1000  solution,  and  (2)  in  a 
I  to  100  solution  : 


(I) 

(2) 

Time  in 

Per  cent  of  active 

Per  cent  of  active 

days. 

oxygen  as  HjGo. 

oxygen  as  HjOg. 

I 

7-3 

5-3 

2 

14.0 

8-3 

7 

41.0 

40.0 

The  active  oxygen  content  of  the  weaker  solution  had  not 
appreciably  decreased  at  the  end  of  one  week.  In  the 
stronger  solution  there  was  a  decrease  of  only  1.5  per  cent. 

In  addition  to  its  action  on  potassium  iodide  the  following 
are  interesting  properties,  possessed  by  a  solution  of  succinic 
peroxide  acid.  A  small  amount  of  manganous  salt  added  to 
the  solution  soon  produces  the  deep  rose-red  color  of  per- 
manganic acid.  The  reaction  is  an  extremely  delicate  test 
for  traces  of  manganese.  The  coloration  is  prevented  by  the 
presence  of  considerable  mineral  acid.  An  excess  of  man- 
ganese salt  gives,  of  course,  manganese  dioxide.  The  red 
solution  of  cobaltous  salt  is  changed  to  an  emerald-green, 
owing  probably  to  the  formation  of  a  cobaltic  salt  ;  the  solu- 
tion slowl}'-  evolves  oxygen.  The  addition  of  sodium  acetate 
to  the  solution  produces  a  precipitate,  probably  a  higher 
oxide  of  cobalt.  The  green  solution  of  a  nickelous  salt  is  soon 
changed  to  a  purple,  which  is  probably  due  to  the  formation 
of  a  nickelic  salt.  The  latter  seems  to  be  unstable,  however, 
as  the  solution  evolves  oxygen  and  in  the  course  of  a  few 
hours  the  purple  color  disappears.  The  addition  of  sodium 
acetate  to  the  purple  solution  causes  immediate  change  to 
green  with  evolution  of  oxygen. 

Finely  divided  manganese  dioxide  appears  to  have  no 
catalytic  action  upon  a  solution  of  the  peroxide  acid,  but  is 
oxidized  in  part  to  permanganic  acid.  Lead  dioxide  has  no 
catalytic  action,  but  platinum  black  has  a  slight  action.  The 
solution  has  no  effect  upon    chromic    acid,  titanic   acid,  or 
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potassium  permanganate,  until  it  has  stood  an  hour  or  more 
and  hydrogen  peroxide  has  been  formed. 

As  already  stated,  succinic  peroxide  acid,  like  all  peroxides, 
decomposes  when  heated.  The  decomposition  was  studied 
by  adding  the  substance  to  xylene,  which  was  heated  to  its 
boiling-point.  Carbon  dioxide  was  evolved,  the  amount  be- 
ing a  little  less  than  i  molecule  per  molecule  of  peroxide. 
Only  a  trace,  if  any,  of  oxygen  or  hydrocarbons  was  evolved. 
On  cooling  the  xylene  a  crystalline  product  separated,  which 
was  about  50  per  cent  of  the  original  weight  of  substance. 
This  product  consisted  chiefly  of  succinic  anhydride,  which 
was  removed  by  digesting  with  chloroform  on  the  water-bath. 
The  residue  was  distilled,  whereupon  water,  succinic  acid, 
and  anhydride  passed  over.  The  residue  from  this  distilla- 
tion consisted  chiefly  of  adipic  acid,  which  was  recrystallized 
from  water  and  identified  by  its  melting-point. 

0.1204  gram  substance  required  16.45  cc.  N/io  KOH. 

Calculated  for  adipic  acid,  16.45  cc. 

From  the  original  xylol  solution  there  was  obtained,  after 
removal  of  the  solvent,  a  gummy  residue,  which  dissolved 
completely  in  sodium  carbonate.  It  was  not  identified.  A 
small  portion  of  the  substance,  therefore,  decomposes  as  fol- 
lows : 

CH,COOH 

I 
CH 


CH. 


COO  /COOH 

COO  ^COOH 


CH.COOH 
The  major  portion,  however,  decomposes  to  yield  succinic  an- 
hydride, and  the  gummy  acid  substance  already  mentioned. 

Vanino  and  Thiele^  have  described  a  substance  obtained  by 
the  action  of  succinyl  chloride  upon  sodium  peroxide  hy- 
drate, which  they  have  called  succinyl  peroxide  and  to  which 
they  have  assigned  the  formula  C^H^O^.  Baeyer  and  Villiger* 
have  pointed  out  that  the  insolubility  of  the  substance  in  water 

1  Ber.  d.  chem.  Ges.,  29,  1724. 
*  Ibid.,  34,  762. 
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and  in  all  other  solvents  renders  improbable  such  a  simple 
formula  as  the  one  assigned.  We  have  prepared  the  sub- 
stance according  to  the  directions  of  Vanino  and  Thiele  in 
order  to  determine  the  per  cent  of  active  oxygen.  There  is  no 
way  to  purify  the  substance  so  that  the  crude  product,  well 
washed  and  dried,  was  used.  This  product  may  be  an  indi- 
vidual substance  or  it  may  be  a  mixture.  The  yield  obtained 
was  very  small.  If  the  substance  is  covered  with  a  20  per 
cent  solution  of  acetic  acid  and  potassium  iodide,  it  gradually 
goes  into  solution  after  six  or  eight  hours,  with  the  liberation 
of  iodine.  The  percentage  of  active  oxygen,  so  estimated, 
was  10.5,  a  correction  having  been  made  for  a  blank.  The 
percentage  calculated  for  C^H^O,  is  13.8.  The  substance  is 
described  in  Richter's  "  Chemie  der  Kohlenstoff-Verbin- 
dungen"  as  having  either  the  formula 

O O 

CH.COO  CH,C 

I  I  or  I         >0. 

CHjCOO  CH.CO 

There  is  certainly  no  ground  at  present  for  assigning  any  for- 
mula to  the  substance,  even  assuming  that  the  product  in 
question  is  homogeneous  in  composition. 

CH,COOH 
Succinic  Monoper acid,    \  . — Ten  grams  of  succinic 

CH.COOOH 
peroxide  acid  were  covered  with  about  75  cc.  water  in  a 
beaker  and  stirred  continuously  at  a  temperature  of  about  30°. 
At  the  end  of  three  or  four  hours  the  entire  amount  had  gone 
into  solution.  It  was  then  removed  to  an  evaporating-dish 
and  allowed  to  remain  in  a  vacuum  over  night  with  sulphuric 
acid.  The  dry  residue  consisted  of  about  45  per  cent  of  suc- 
cinic monoperacid.  The  monoperacid  is  more  soluble  in  chlo- 
roform than  succinic  acid,  and  may  be  removed  from  the  lat- 
ter by  digesting  the  mixture  with  chloroform  at  50°,  filtering, 
and  cooling  the  solution.  In  this  way  the  substance  is  ob- 
tained fairly  pure.  It  may  be  recrystallized  from  a  mixture 
of  chloroform  and  ether,   from  which  it  separates  in  large 
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crystals  on  standing.  The  percentage  of  active  oxygen  con- 
tained by  various  samples  which  were  recrystallized  several 
times,  varied  from  10.5  to  11.3,  while  the  theoretical  is  11.9. 
This  deficiency  may  have  been  due  to  the  fact  that  when  the 
substance  is  dissolved  in  water  a  decided  evolution  of  oxygen 
is  noticeable  ;  it  was  necessary  to  dissolve  in  water  to  esti- 
mate the  active  oxygen.  A  sample  recrystallized  twice  con- 
tained 1 1  per  cent  of  active  oxygen  and  when  rapidly  heated 
melted  at  107°  with  decomposition. 

0.1 170  gram  substance  gave  0.1546  gram  COj  and  0.0473 
gram  H^O. 

Calculated  for 

C4H6O5.  Found. 

C  35.81  36.03 

H  452  4-53 

The  substance  is  much  more  soluble  in  water  than  succinic 
acid.  The  same  relation  exists  between  the  solubilities  of 
benzoic  acid  and  peracid.  It  also  dissolves  freely  in  alcohol, 
acetone,  and  acetic  ether.  It  is  only  moderately  soluble  in 
ether  and  sparingly  in  chloroform.  It  has  very  little,  if  any, 
odor  and  does  not,  in  the  least,  remind  one  of  hypochlorous 
acid,  as  do  benzoic  and  acetic  peracids.  It  gradually  decom- 
poses on  standing,  but  is  more  stable  than  benzoic  peracid. 
A  sample  consisting  of  a  mixture  of  succinic  acid  and  mono- 
peracid  was  found  on  analysis  to  consist  of  60  per  cent  of  the 
latter.  After  standing  for  a  week  in  a  stoppered  vessel  the 
percentage  of  monoperacid  was  only  55.4. 

When  a  strong  aqueous  solution  of  the  substance  (either 
pure  or  mixed  with  succinic  acid)  is  saturated  with  succinic 
anhydride,  a  heavy  precipitate  of  succinic  peroxide  acid  soon 
appears  ;  more  quickly  on  cooling  and  scratching  with  a  glass 
rod.  When  glutaric  anhydride  is  dissolved  in  a  strong  solu- 
tion of  the  monoperacid  the  mixed  peroxide  acid  of  succinic 
and  glutaric  acids  is  formed  and  on  cooling  separates  from  the 
solution.     This  substance  will  be  described  later. 

The  decomposition  of  succinic  monoperacid  is  interesting. 
The  mixture  of  acid  and  monoperacid  was  used  for  this  study. 
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It  was  mixed  with  infusorial  earth  in  order  to  moderate  the 
action. 

Three  and  five-tenths  grams  of  the  mixed  acids  containing 
1.6  grams  of  monoperacid  were  mixed  with  5  grams  of  in- 
fusorial earth  and  placed  in  a  small  flask  connected  with  a 
carbon  dioxide  generator  and  a  gasometer.  The  air  in  the 
flask  was  completely  replaced  by  carbon  dioxide  and  the  flask 
was  then  slowly  heated  in  an  oil-bath,  and  the  gas  evolved 
was  collected  over  water  in  the  gasometer.  The  volume  of 
gas  evolved  was  about  350  cc.  This  consisted  almost  entirely 
of  carbon  dioxide,  with  only  a  trace  of  oxygen  and  a  small 
amount  (about  3  per  cent)  of  a  combustible  gas.  The  amount 
of  carbon  dioxide  obtained  is  a  little  in  excess  of  i  molecule 
from  I  molecule  of  the  monoperacid. 

The  experiment  was  repeated  in  order  to  determine  the  na- 
ture of  the  non-gaseous  products.  After  the  decomposition 
was  completed  the  contents  of  the  flask  were  distilled.  Con- 
siderable water  passed  over  at  first  and  the  temperature  grad- 
ually rose  to  140°.  The  distillate  possessed  the  characteristic 
odor  of  acrylic  acid.  That  it  consisted  in  a  large  part  of  this 
substance  was  shown  by  treating  it  with  concentrated  hy- 
driodic  acid,  whereupon  y3-iodopropionic  acid  crystallized 
from  the  solution.  This  was  recrystallized  from  water  and 
identified  by  its  melting-point.  The  decomposition  may  be 
explained  as  follows : 

CH,COOH  CH,COOH 

(1)  I =^1  +C0,; 

CHjCOOiOH  CHjOH 

(2)  CH,OHCH,COOH  =  CH,=:CHCOOH  +  H,0. 

The  substance  first  splits  off  carbon  dioxide.  The  yS-hy- 
droxypropionic  acid,  which  is  probably  formed  as  an  interme- 
diate product,  then  splits  off  water  with  the  formation  of 
acrylic  acid.  The  decomposition  probably  takes  place  al- 
most entirely  in  the  manner  indicated.  Baeyer  found  that 
benzoic  peracid  decomposed  with  the  formation  of  benzoic 
acid  and  oxygen.  The  results  obtained  with  succinic  mono- 
peracid have  suggested  that  possibly  phenol  is  also  formed 
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during  the  decomposition  of  benzoic  peracid.  This  is  made 
probable  from  the  fact  that  benzoic  peracid  becomes  colored 
on  standing.  Phthalic  monoperacid,  discovered  and  described 
by  Baeyer,  was  found  to  yield  salicylic  acid  on  decomposition. 
This  was  identified  by  its  color  test  with  ferric  chloride. 

/COOH 

(CH,)/ 

Succinic  Glutaric  Peroxide  Acid,  \     . — Ten  cc. 

/COO 


(CH,)3<( 


^COOH 

of  a  solution  of  succinic  monoperacid  containing,  1.47  grams 
of  this  substance  and  which  was  free  from  hydrogen  peroxide 
was  treated  with  1.5  grams  of  glutaric  anhydride.  The  lat- 
ter substance  was  dissolved  after  shaking  for  a  minute.  The 
solution  was  kept  cool  under  a  tap  and  after  about  five  min- 
utes a  crystalline  precipitate  appeared.  After  standing  for 
five  minutes  longer  the  product  was  filtered,  washed  several 
times  with  small  portions  of  water,  and  packed  tightly  on 
a  porous  plate.  When  dry,  the  substance  was  practically 
pure.  Yield,  1.2  grams.  For  analysis  it  was  recrystallized 
from  a  mixture  of  ether  and  acetic  ether. 

0.0825  gram  substance  required  13.25  cc.  N/20  thiosul- 
phate. 

0.1473  gram  substance  gave  0.2344  gram  COj  and  0.0650 
gram  HjO. 

Calculated  for 

Found. 

43-40 


Calculated  for 
CgHjoOe. 

c 

H 

0  (Active) 

43-52 
4.88 

6.45 

4.96 

6.40 

The  substance  begins  to  soften  at  105°  and  melts  at  107° 
with  decomposition.  It  is  quite  soluble  in  alcohol,  acetone, 
and  acetic  ether,  and  sparingly  soluble  in  ether.  The  crys- 
tals are  similar  in  appearance  to  those  of  succinic  peroxide 
acid.  When  potassium  iodide  is  added  to  a  saturated  solu- 
tion of  the  substance,  it  must  stand  two  or  three  minutes  be- 
fore the  theoretical  amount  of  iodine  is  liberated.     In  oxid- 
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izing  action   it  is,  therefore,  less  powerful  than  succinic  per- 
oxide acid. 

/COOH 

(CH,)3< 

^COO 
Glutaric  Peroxide  Acid,  \     . — Three   grams  of 

/COO 
(CH,),/ 

^COOH 
glutaric  anhydride  were  dissolved  in  6  cc.  of  8  per  cent  hy- 
drogen peroxide.  The  solution  was  kept  cool  and  the  per- 
oxide acid  soon  crystallized  out.  After  twelve  minutes  it  was 
filtered  off,  washed  well  with  small  portions  of  water,  and 
dried  on  a  porous  plate.  The  dried  substance  was  practically 
pure.  Yield,  1.9  grams.  For  analysis  it  was  crystallized 
from  acetic  ether. 

0.0888  gram  substance  required  13.25  cc.  N/20  thiosul- 
phate. 

0.1578  gram  substance  gave  0.2640  gram  COj  and  0.0756 
gram  HjO. 

Calculated  for 

C10H14O8.  Found. 

C  45-77  45-61 

H  5-39  5-37 

O  (Active)  6.10  5.97 

The  substance  melts  sharply  at  108°  with  decomposition. 
It  is  quite  soluble  in  alcohol,  acetone,  and  acetic  ether  ;  mod- 
erately soluble  in  ether ;  and  very  sparingly  in  chloroform 
and  benzene.  The  substance  hydrolyzes  in  aqueous  solution 
and  the  solubilit}'-  and  rate  of  hydrolysis  were  determined  at 
24°  in  the  same  manner  as  with  succinic  peroxide  acid. 

The  amounts  of  peroxide  acid  contained  in  i  liter  of  solu- 
tion at  intervals  of  five,  ten,  fifteen,  and  twenty-five  minutes 
were  9.75,  10.75,  11.6,  and  13.75  grams,  respectively.  At 
this  rate  of  hydrolysis  the  original  solubility  may  be  placed 
approximately  at  8.75  grams  per  liter. 

The  action  of  glutaric  peroxide  acid  upon  potassium  iodide 
is  markedly  different  from  that  of  succinic  peroxide  acid. 
The  action  is  very  slow,  like  that  of  hydrogen  peroxide.     As 
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in  the  case  of  the  latter  substance,  the  time  required  for  the 
complete  liberation  of  iodine  is  greatly  decreased  by  the  ad- 
dition of  dilute  sulphuric  acid.  Except  in  very  dilute  solu- 
tion of  peroxide  the  theoretical  amount  of  iodine  is  liberated 
in  fifteen  minutes  when  excess  of  potassium  iodide  has  been 
added. 

The  decomposition  of  glutaric  peroxide  acid  was  studied 
in  the  same  manner  as  that  of  the  succinic  compound. 

Four  and  five-tenths  grams  of  the  substance  were  added  in 
small  portions  to  15  cc.  of  boiling  xylene.  The  non-volatile 
products  of  decomposition  remained  dissolved,  but,  on  cooling, 
0.6  gram  of  colorless  crystals  was  deposited.  This  product 
was  found  to  be  almost  pure  suberic  acid.  The  substance 
was  purified  by  recrystallizing  from  water  and  melted  at  140° 
(suberic  acid  140°). 

0.1 156  gram  substance  required  13.45  N/io  KOH. 

Calculated,  13.3  cc. 

On  distilling  off  the  xylene  from  the  filtrate  previously  men- 
tioned, a  fatty  residue  remained  which  was  soluble  in  sodium 
carbonate.  The  decomposition  takes  place  only  to  a  certain 
extent  as  follows : 

.COOH 


(CH,)3<^ 


(CH,)3C 


COO  /COOH 

I  =     (CH,)/  +2CO, 

COO  \COOH 

COOH 


By  the  action  of  sodium  hydroxide  and  hydrogen  peroxide 
upon  phthalic  anhydride,  Baeyer  and  Villiger^  have  isolated 

XOOH 
phthalic  monoperacid,  CgH^^  ,  and  phthalic  peroxide 

\COOOH 

/   CO.OO.OC   V 
acid,  C,H  /  XH,. 

^COOH  HOOC^ 

These  authors  have  offered  no  explanation  of  the  reactions 
involved.     If  we  consider  that  the  addition  of  an  alkali  to  a 

1  Ber.  d.  cheat.  Ges.,  34,  762. 
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solution  of  hydrogen  peroxide  results  in  the  formation  of  a 
salt  of  this  substance,  either  MOOH  or  MOOM,  then  the  re- 
action between  such  a  solution  and  an  anhydride  may  be 
looked  upon  as  follows  : 

RCO  OM  RCOOM 

(I)  0+  =  +  , 

RCO  OM  RCOOOM 

RCO  M  RCOOM 

and     (2)  O  +  =  + 

RCO  00. OCR  RCO.OO.OCR 

Such  a  view  would  explain  all  of  the  reactions  which  are 
known  to  take  place  between  sodium  peroxide,  barium  per- 
oxide, etc.,  and  acid  anhydrides,  chlorides,  etc.  This  ex- 
planation is,  however,  not  in  accord  with  the  views  of  Cal- 
vert,^ who,  after  attacking  from  all  sides  the  problem  of  the 
condition  of  hydrogen  peroxide  in  alkaline  solution,  arrived 
at  the  conclusion  that  a  compound  of  the  type  MOj  is  formed, 
M  being  a  univalent  metal.  The  work  of  Calvert  has  cer- 
tainly shown  that  i  molecule  of  alkali  is  capable  of  holding  in 
combination  more  than  i  molecule  of  hydrogen  peroxide. 
This  behavior  might  be  due  to  the  formation  of  an  addition- 
compound  between  hydrogen  peroxide  and  its  primary  salt, 
such  as  KHOj,HjOj.  Schone^  has  isolated  compounds  of 
this  type  by  evaporating  an  alkaline  solution  of  hydrogen  per- 
oxide in  a  vacuum.  A  compound'  containing  sodium  acetate 
and  hydrogen  peroxide  crystallizes  out  on  adding  sodium  per- 
oxide to  acetic  acid.  Tanatar*  has  isolated  compounds  be- 
tween other  salts  and  hydrogen  peroxide.  Calvert  showed 
that  the  solubility  of  potassium  chlorate  is  greater  in  a  solu- 
tion of  hydrogen  peroxide  than  in  water,  and  that  its  electric 
conductivity  is  less,  although  it  would  be  expected  to  be 
greater,  on  account  of  the  dielectric  constant  of  hydrogen  per- 
oxide being  greater  than  that  of  water.  Jones  and  Carroll* 
further  found  that  the  depression  of  the  freezing-point,  brought 

1  Ztschr.  phys.  Chem.,  38,  513. 
*  Ann.  Chem.  (Licbig),  193,  241. 
3  Tafel :  Ber.  d.  chem.  Ges.,  ay,  816. 
•»  Ztschr.  anorg.  Chem.,  a8,  255. 
5  This  Journal,  28,  284. 
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about  by  various  salts  in  hydrogen  peroxide  solution,  was  less 
than  that  in  water,  and  have  pointed  out  the  probability  that 
compounds  are  formed  between  hydrogen  peroxide  and  salts  in 
solution.  An  unstable  compound  between  the  benzoylated 
hydrogen  peroxide  and  its  sodium  salt  has  been  observed  by 
Baeyer  and  Villiger.^  A  number  of  weak  acids  are  known  to 
form  compounds  of  this  type,  and  we  may  even  look  at  com- 
pounds containing  water  of  crystallization  in  the  same  light. 
It  is  not  known  whether  or  not  such  compounds  are  com- 
pletely dissociated  in  aqueous  solution.  The  similarity  be- 
tween hydrogen  peroxide  and  water  which  has  been  pointed 
out  in  this  article  makes  it  appear  possible  that  water  enters 
into  combination  with  neutral  salts  dissolved  in  it.  In  this 
connection  the  results  obtained  by  Calvert  and  by  Jones  and 
Carroll  appear  especially  interesting. 

The  following  may  be  summed  up  as  the  chief  reactions 
which  are  known  to  take  place  when  an  anhydride  is  dis- 
solved in  an  aqueous  solution  of  hydrogen  peroxide  : 

(i)  Ordinary  hydrolysis  with  water. 

(2)  Analogous  reaction  with  hydrogen  peroxide  resulting 
in  the  formation  of  a  peracid. 

(3)  Action  of  peracid  on  anhydride  with  the  formation  of 
an  acid  peroxide. 

(4)  Ordinary  hydrolysis  of  peroxide  with  water. 

(5)  Action  of  hydrogen  peroxide  upon  acid  peroxide  with 
the  formation  of  2  molecules  of  peracid  and  also  with  loss  of 
oxygen,  possibly  due  to  the  intermediary  formation  of  a  de- 
rivative of  hydrogen  trioxide. 

(6)  Slow  hydrolysis  of  peracid  to  acid  and  hydrogen  per- 
oxide. 

(7)  Slow  decomposition  of  both  peracid  and  hydrogen  per- 
oxide with  evolution  of  oxygen. 

ifaboratory  of  general  chemistry, 
University  of  Michigan, 
Ann  Arbor,  Feb.  13,  1904. 

1  Ber.  d.  chem.  Ges.,  33,  1569. 


ON  INUIvIN. 

By  Arthur  L.  Dean. 

Numerous  investigators  have  undertaken  the  study  of  inu- 
lin,  some  approaching  their  work  with  the  aim  and  equip- 
ment of  the  botanist,  some  with  those  of  the  chemist.  In 
general,  the  chemical  investigations  have  contributed  in  a 
marked  degree  to  the  clearer  understanding  of  the  physio- 
logical r&le  of  inulin  in  plants.  In  the  course  of  certain  in- 
vestigations on  the  physiological  relations  of  inulin  I  have 
been  led  to  study  its  behavior  as  a  chemical  compound  with 
results  which  seem  worth  recording. 

From  the  researches  of  the  older  workers  the  methods  of 
preparation  and  the  properties  of  inulin  were  fairly  well  es- 
tablished. In  order  to  obtain  preparations  of  inulin,  the  tis- 
sues containing  it — almost  always  the  underground  parts  of 
Inula  Helenium,  Helianthus  iuberosus,  or  Dahlia  variabilis — 
are  finely  divided,  the  juice  squeezed  out.  the  residue  boiled 
with  water  with  the  addition  of  a  little  calcium  carbonate  to 
neutralize  any  acidity,  and  the  fluid  pressed  out.  The  juice 
and  the  extract  are  united,  purified  with  lead  acetate,  the  ex- 
cess of  lead  removed  with  hydrogen  sulphide,  and  the  filtrate 
from  the  lead  sulphide  neutralized  with  ammonia  or  calcium 
carbonate.  The  inulin  in  this  solution,  after  concentration  to 
a  small  volume,  is  removed  either  by  freezing  or  by  adding 
alcohol  until  the  fluid  contains  about  60  per  cent  thereof. 
The  product  obtained  in  this  manner  is  frequently  somewhat 
discolored  and  sometimes  contains  traces  of  sugar.  It  may 
be  purified  by  redissolving  it  in  hot  water,  filtering  through 
animal  charcoal,  and  again  precipitating  by  alcohol  or  freez- 
ing. The  inulin  obtained  in  this  way  is  a  white,  odorless, 
tasteless  solid,  very  sparingly  soluble  in  cold  water,  readily 
soluble  in  hot  water,  and  practically  insoluble  in  cold  alcohol 
of  60  per  cent  strength  or  over.  It  does  not  reduce  Fehling's 
solution,  but  on  short  boiling  with  acids  or  by  the  action  of 
the  enzyme  inulase  this  carbohydrate  is  hydrolyzed  to  levu- 
lose,  which  readily  reduces  Fehling's  solution.  The  well- 
known  Seliwanoff' s  reaction'   is  given  brilliantly.     Inulin  is 

1  On  boiling  solutions  of  the  ketones,  or  their  polymers,  with  i8  per  cent  of  hydro- 
chloric acid  and  a  little  resorcinol,  a  brilliant  cherry-red  color  is  produced  with  the 
subsequent  separation  of  a  red  precipitate. 
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optically  active,  turning  the  plane  of  polarized  light  to  the  left. 
The  exact  amount  of  its  specific  rotation  has  been  variously 
given,  but  in  general  the  figures  have  ranged  from  [ar]D  = 
—33°  to  —40°. 

As  stated  above,  the  ordinary  sources  of  inulin  are  the 
fleshy  underground  organs  of  the  elecampane,  artichoke,  and 
dahlia.  Preparations  have  also  been  made  from  chicory  and 
dandelion  roots.  On  account  of  the  fact  that  in  pieces  of 
these  plant  organs  kept  in  alcohol,  sphaerocrystals  of  inulin 
develop,  this  reaction  has  been  used  as  a  microchemical  test 
for  inulin.  Using  this  method,  various  investigators  have 
tested  a  considerable  range  of  plant  species  for  the  presence 
of  this  carbohydrate.  Foremost  among  these  researches 
should  be  mentioned  those  of  G.  Kraus,  who  showed  that  be- 
sides the  wide  occurrence  of  inulin  in  reserve  places — outside 
the  seeds — in  the  Composites,  it  is  also  present  in  members  of 
the  CampanulacecB ,  LobeliacecB ,  GoodeniacecB ,  and  StylidecB?^ 
Kraus  also  made  preparations  of  inulin  from  several  of 
these  non-composites  and  established  its  similarity,  if  not  its 
identity,  with  the  inulin  of  the  Composite .  It  was  noted  by 
Kraus  that  glycerol  gave  this  microchemical  test  as  well  as, 
and  in  some  respects  better  than,  alcohol. 

Numerous  investigators  have  noted  that  inulin  is  accom- 
panied in  the  Composites  by  one  or  more  carbohydrates  of 
somewhat  similar  nature.  Like  inulin,  they  yield  levulose 
on  hydrolysis  and  are  more  or  less  insoluble  in  cold  water  and 
alcohol.  In  general,  these  compounds  stand  in  an  interme- 
diate relation  between  inulin  on  the  one  hand  and  levulose  on 
the  other  ;  they  show  a  lesser  laevo-rotation  than  inulin  and 
a  greater  solubility.  This  mixture  of  substances, — for  there 
can  be  little  doubt  that  it  is  a  mixture, — has  been  studied  un- 
der the  various  names  of  levulin,  inuloid,  and  synanthrose  ; 
but  the  contradictory  nature  of  the  results  of  these  studies  of 
the  levulins  leave  us  with  a  very  hazy  knowledge. 

The  study  of  the  reserve  carbohydrates  of  various  other 
plants,  especially  members  of  the  monocotyledonous  class,  has 

1  G.  Kraus  :  Das  Inulin- Vorkommen  ausserhalb  der  Compositen.  Bot.  Zeit.,  1877, 
329- 
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shown  that  there  are  here  carbohydrates  of  the  same  general 
type  as  inulin,  i.  <r.,  they  are  laevorotary  polymers  of  levu- 
lose,  more  or  less  insoluble  in  cold  water  and  alcohol.  The 
following  table,  although  not  including  all  the  substances 
which  have  been  studied,  gives  some  facts  about  a  number  of 
them : 

Name.  Source.  [*]d. 

Irisin  Iris  pseudacorus  — 50  to  — 54 

Sinistrin  Scilla  maritima  — 44  to  — 48 

Graminin  Trisetum  alpestre  etal.  — 38.9 

Phlein  Phleum  pratense  et  al.  — 48  to  — 49 

In  1893  there  appeared  a  considerable  contribution  to  our 
knowledge  of  inulin  and  the  levulins,  embodied  in  a  series 
of  short  papers  by  Tanret.^  He  made  the  fundamental 
criticism  that  all  the  previous  preparations  of  inulin  had  been 
impure,  having  been  contaminated  with  the  levulins,  and  that 
therefore  the  properties  of  inulin  as  given  by  the  older  work- 
ers are  incorrect.  The  new  method  of  preparation,  which  is 
described  in  detail  later  in  this  paper,  consisted  in  precipita- 
ting the  inulin  from  its  solutions  as  the  barium  compound  by 
means  of  barium  hydroxide.  This  barium  compound,  on  ac- 
count of  its  greater  insolubility,  was  separated  from  the  barium 
compounds  of  the  levulins.  The  levulins,  by  a  further  ap- 
plication of  the  method,  were  separated  from  one  another, 
purified,  studied,  and  named.  Thus  there  are,  starting  from 
inulin  and  going  down  in  the  series,  pseudoinulin,  inulenin, 
helianthenin,  and  synanthrin.  The  following  table  summa- 
rizes the  more  important  of  Tanret's  results  : 

Aside  from  the  facts  outlined  in  the  table,  it  is  noteworthy 
that  Tanret  says  that  on  the  hydrolysis  of  inulin  he  obtained 
not  levulose  only,  but  a  mixture  of  i  part  of  dextrose  and  12 
parts  of  levulose.  The  plants  experimented  with  were  the 
artichoke,  dahlia,  and  elecampane,  the  first  named  apparently 
furnishing  the  bulk  of  the  material  worked  with. 

At  the  end  of  Tanret's  last  paper  the  following  method  is 
given  :   "  Ainsi,  etant  donne  du  sue  de  topinambur,  on  com- 

1  "Sur  I'inuline  et  deux  principes  imm^diats  nouveaux,  la   pseudo-inuline  et 
rinul6nine,"  Compt.  rend.,  116,514(1893);  Bull.  Soc.  Chim.,  [3],  9,  200;  "Sur  I'inuline." 
bid.,  [3],  9,  227  ;  "Sur  les  hydrates  de  carbone  du  Topinambur,"  Ibid.,  [3],  9,  622. 
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mence  par  le  d6f6quer  a  chaud  par  I'extrait  de  saturne,  etc., 
puis  on  I'additionne  d'un  grand  exces  d'eau  de  baryte  con- 
<:entree  et  on  precipite  par  de  ralcool  ^  90°  et  en  une  seule 
fois  tons  les  hydrates  de  carbone.  On  decompose  le  precipite 
par  COj,  on  fait  bouillir,  on  filtre,  puis  on  evapore  a  siccite. 
Le  r^sidu,  trait^  par  I'alcool  a  84°  bouillant,  lui  abandonne 
rhelianth6nine  qui  se  depose  en  partie  apres  un  repos  suffi- 
sant,  la  liqueur  n'en  retenant  que  1/300.  L,e  residu  insoluble 
estalorstraitepar  Talcool  a  7o°bouillant  qui  enleve  I'inulenine. 
Ce  qui  reste  ne  contient  plus  que  la  pseudo-inuline  et  I'inu- 
line,  qu'on  separe  en  les  traitant  par  10  parties  d'alcool  a  60° 
bouillant :  la  pseudo-inuline  y  passe  et  I'inuline  reste  indis- 
soute."^  It  is  stated  in  the  foot-note  that  inulenin  is  soluble 
in  9  parts  of  boiling  70  per  cent  alcohol,  and  insoluble  in  cold 
alcohol  of  that  strength  ;  that  pseudoinulin  is  soluble  in  6  parts 
of  boiling  60  per  cent  alcohol,  and  insoluble  in  cold  ;  and  that 
inulin  is  insoluble  in  cold  60  per  cent  alcohol  and  requires 
2,000  parts  of  that  strength  of  boiling  alcohol  to  dissolve  it. 
Tanret  adds  that  he  proposes  to  trace  by  this  method  the  his- 
tory of  the  carbohydrates  of  the  artichoke,  but  I  have  been 
unable  to  find  that  he  has  published  anything  dealing  with 
these  carbohydrates  since  the  appearance  of  the  article  quoted 
from  above. 

EXPERIMENTAL  DATA. 

Five  plants  have  served  as  the  sources  from  which  the 
preparations  of  inulin  to  be  described  have  been  obtained  : 
Dahlia  variabilis,  Inula  Helenium,  Helianthus  tuberosus,  Lappa 
minor,  and  a  mixture  of  Solidago  species.  Of  these,  the  first 
three  have  long  been  used  as  sources  of  inulin,  but,  so  far  as 
I  am  aware,  no  preparations  of  inulin  have  been  made  from 
the  roots  of  the  burdock  or  from  those  of  the  goldenrods. 
The  inulin  has  been  obtained  by  two  methods,  the  method  of 
the  older  investigators  as  described  above  and  by  what  we 
will  call  the  second  method  of  Tanret,  given  in  the  quotation 
from  the  Bulletin  of  the  Chemical  Society  of  Paris. 

The  fact  that  the  common  burdock  has  long,  rather  fleshy 

>  Bull.  soc.  chim.,  [3],  9,  629  (1893). 
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roots  which  persist  until  the  time  of  flowering,  suggested  the 
idea  that  these  roots  might  contain  inulin.  Accordingly,  a 
number  of  the  roots  were  dug  in  October  and  tested  as  fol- 
lows :  The  roots  were  washed,  grated  to  a  fine  pulp,  and  the 
mass,  together  with  a  little  calcium  carbonate,  was  treated 
with  water  for  about  thirty  minutes  on  a  boiling  water-bath. 
The  fluid  was  then  expressed,  lead  acetate  added  in  slight 
excess,  the  excess  of  lead  removed  from  the  filtrate  with  hy- 
drogen sulphide,  the  resulting  solution  neutralized  with  am- 
monia, the  fluid  concentrated  on  the  water-bath,  and  treated 
with  an  excess  of  alcohol.  After  standing  over  night  the 
precipitate  was  filtered  off,  dissolved  in  water,  f  ad  the  solu- 
tion run  through  washed  animal  charcoal.  To  this  clear,  ' 
colorless  liquid  alcohol  was  added  to  the  strength  of  6i  per 
cent.  After  standing,  the  precipitate  was  filtered  on  a  Biich- 
ner  funnel,  washed  by  being  whipped  up  successively  in  60 
per  cent  alcohol,  absolute  alcohol,  and  ether,  and  finally 
dried.  The  resulting  product  was  perfectly  white,  con- 
sisted of  small  spheroids,  free  from  proteid,  sparingly  soluble 
in  cold  water,  but  readily  soluble  in  hot  water.  It  did  not 
reduce  Fehling's  solution  until  after  boiling  with  dilute  acids. 
Seliwanoff's  reaction  was  readily  obtained.  Dried  to  con- 
stant weight  and  examined  by  the  polariscope,  it  was  found 
to  be  laevorotary,  [«]d  being  equal  to  — 36°. 36.  From  these 
properties  it  is  evident  that  we  are  dealing  with  inulin. 

The  fibrous  roots  of  the  goldenrods  present  a  marked  con- 
trast to  the  fleshy  underground  parts  of  the  other  Composites 
which  have  been  examined.  Some  of  these  roots,  gathered 
in  October  and  cleaned  from  gravel  as  far  as  possible,  were 
put  through  the  process  detailed  above  and  yielded  a  white 
preparation  consisting  of  spheroids,  giving  Seliwanoff's  reac- 
tion, and  reducing  Fehling's  solution  only  after  boiling  with 
acids.  The  first  preparation,  made  from  the  roots  of  plants 
still  in  flower,  was  noticeably  more  soluble  in  cold  water  than 
are  the  ordinary  preparations  of  inulin.  A  second  prepara- 
tion, made  from  the  roots  of  plants,  the  aerial  parts  of  which 
were  already  dead,  was  markedly  more  insoluble  and  could 
not  be  distinguished  by  its  solubility  from  the  ordinary  run 
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of  inulin.  Examined  by  the  polariscope,  this  last  prepara- 
tion gave  a  specific  rotation  of  [«]d  =  — 35°-7"  From  this 
evidence  it  seems  safe  to  conclude  that  the  roots  of  the  golden- 
rods  contain  inulin. 

I  have  examined  the  aerial  parts  of  the  inulin-containing 
plants  in  a  number  of  instances,  and  in  only  one  case  has  evi- 
dence of  the  presence  of  inulin  or  of  the  levulins  been  ob- 
tained. Thus  the  leaves  and  stems  of  the  dahlia,  the  leaves 
and  half-matured  seed-heads  of  the  artichoke,  the  leaves  of 
the  goldenrods,  and  the  leaves  and  petioles  of  the  burdock, 
all  gave  negative  results.  From  the  stems  of  ;the  artichoke, 
however,  a  preparation  was  obtained  which  had  the  charac- 
teristics of  inulin  except  that,  like  the  first  preparation  from 
the  roots  of  Solidago  mentioned  above,  it  was  more  soluble 
than  inulin  in  cold  water,  resembling  in  this  respect  a  prepa- 
ration made  three  days  before  (October  3rd)  from  the  tubers  of 
an  artichoke  plant  growing  near  by. 

Inasmuch  as  the  older  method  of  preparing  inulin  gave 
preparations  of  inulin  possessing  differing  properties,  it 
seemed  advisable  to  try  the  method  of  Tanret  to  atteimpt  to 
obtain  constant  results  thereby.  The  first  method  given  by 
Tanret,  which  I  have  not  yet  described,  was  worked  through 
very  carefully,  as  detailed  below. 

Artichoke  tubers  gathered  partly  October  3rd  and  partly  Oc- 
tober 17th  were  ground  together,  and  extracted  twice  with  boil- 
ing water  with  the  addition  of  calcium  carbonate.  The  strained 
extract  was  treated  with  an  excess  of  neutral  lead  acetate,  fil- 
tered clear,  and  sulphuric  acid  added  in  very  slight  excess  to 
remove  the  excess  of  lead.  The  filtrate  from  the  lead  sul- 
phate was  treated  with  cold  saturated  barium  hydroxide  solu- 
tion until  no  more  precipitate  fell,  then  95  per  cent  alcohol 
was  added  until  it  made  one-sixth  of  the  volume  of  the  mix- 
ture, then  more  saturated  barium  hydroxide  solution  contain- 
ing 16  per  cent  of  alcohol  until  the  precipitation  was  com- 
plete. The  precipitate  was  filtered  on  a  Biichner  funnel, 
washed  with  16  per  cent  alcohol  saturated  with  barium  hy- 
droxide, then  removed  from  the  filter,  suspended  in  water, 
and  decomposed   with   carbon   dioxide,    the   mixture  being 
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warmed  during  the  process  to  facilitate  the  reaction.  The 
filtrate  from  the  barium  carbonate  was  cooled  and  a  saturated 
solution  of  barium  hydroxide  added  to  complete  precipitation. 
This  "  precipitate  (A)"  was  filtered  off  and  successive  small 
amounts  of  alcohol  added  to  the  filtrate  until  no  more  pre- 
cipitate was  obtained.  The  second  precipitate,  after  removal 
by  filtration,  was  decomposed  with  carbon  dioxide,  the  barium 
carbonate  filtered  off,  and  the  clear  filtrate  saved  as  the 
"liquid  (B)."  The  "precipitate  (A)"  was  rubbed  up  in 
water,  decomposed  with  carbon  dioxide,  and  the  filtrate  pre- 
cipitated by  barium  hydroxide.  The  filtrate  from  this  new 
"  precipitate  (A)"  was  treated  with  alcohol  and  the  resulting 
precipitate  decomposed  with  carbon  dioxide,  yielding  an  in- 
crement to  the  "liquid  (B)."  This  process  of  fractionating 
(A)  was  repeated  three  more  times,  (A)  becoming  constantly 
smaller  and  the  "  liquid  (B)"  constantly  increasing.  The 
last  time  the  "  precipitate  (A)"  was  smaller  than  the  precipi- 
tate resulting  from  the  addition  of  alcohol  to  the  filtrate  from 
it.  Even  this  very  small  fraction  was  not  all  precipitable  by 
saturated  barium  hydroxide  solution,  which  is  the  test  by 
which  we  are  to  know  that  inulin  is  finally  free  from  admix- 
ture with  the  levulins.  ^ 

In  this  experiment,  therefore,  six  successive  fractionings  of 
the  barium  compounds  of  inulin  and  the  levulins  failed  to 
give  a  separation.  No  better  results  followed  the  attempt  to 
continue  Tanret's  process  on  "the  liquid  (B)"  and  obtain 
therefrom  pseudoinulin  and  inulenin. 

This  rather  discouraging  result  led  to  a  trial  of  Tanret's 
second  method  as  given  in  the  quotation  from  his  last  paper. 
Preparations  of  inulin  from  all  five  of  the  plants  named  above 
were  made  by  this  method.  With  one  exception  the  amounts 
of  the  various  levulins  were  too  small  to  admit  of  making 
polariscopic  examinations  of  them.  Their  forms,  as  seen  un- 
der the  microscope,  were  noted  and  Fehling's  and  Seliwa- 
noff's  tests  were  applied.  In  all  cases  the  precipitates  occur- 
ring when,  according  to  Tanret,  helianthenin  and  inulenin 
should  have  come  down,  were  made  up  of  minute,  needle- 
shaped  crystals,  generally  loosely  aggregated  into  balls.     No 
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characteristic  difference  of  form  between  the  two  was  noted. 
The  precipitates  corresponding  to  pseudoinulin  were  made  up 
of  irregularly  sized  spheroids  and  showed  a  tendency  to  form 
a  coherent  layer  at  the  bottom  of  the  alcohol  from  which  they 
had  separated.  The  inulin  residues  remaining  after  the 
various  extractions  with  alcohol  were  more  or  less  discolored 
and  sometimes  contained  a  little  insoluble  material.  They 
were  always  dissolved  in  hot  water,  filtered,  and  precipitated 
by  adding  alcohol  to  the  strength  of  60  per  cent.  The  re- 
sults of  this  systematic  use  of  the  second  Tanret  method  are 
given  below. 

Lappa  minor. — Burdock  roots,  dug  November  21st,  were 
cleaned,  grated,  and  put  through  the  second  Tanret  method. 
The  inulin  residue  from  the  alcoholic  extractions  was  so  dis- 
colored that  its  solution  was  run  through  charcoal  before  pre- 
cipitating with  alcohol.  The  precipitate  was  filtered  off  and 
washed  with  absolute  alcohol  and  ether.  Dried  to  constant 
weight  it  showed  a  specific  rotation  of  [«]d  =  — 40°-5- 
The  precipitates  of  the  levulins  were  slight. 

Inula  Helenium. — Roots  of  the  elecampane  were  dug  Octo- 
ber I  ith.  After  being  comminuted,  the  material  was  spread  in 
a  thin  layer  and  allowed  to  dry  at  laboratory  temperature. 
When  air-dry,  the  tissues  were  ground  to  a  fine  powder  and 
kept  in  that  condition.  Tanret' s  process  was  applied  to  an 
extract  obtained  by  boiling  this  Inula  powder  with  water  and 
a  little  calcium  carbonate.  The  substance  corresponding  to 
the  synanthrin  of  Tanret  weighed,  air-dry,  3.9  grams.  There 
was  no  helianthenin  precipitate,  the  inulenin  weighed  0.3 
gram,  the  pseudoinulin  0.45  gram,  and  the  inulin,  dried  to 
constant  weight,  38.6  grams.  The  specific  rotation  was  equal 
to  \oc\v,  =  — 37°-2.  The  preparation  contained  0.14  per  cent 
of  ash. 

Solidago. — The  roots  of  a  number  of  species  of  Solidago 
were  gathered  November  15th,  washed,  and  immediately  ex- 
amined for  inulin.  |  The  precipitates  of  the  levulins  were 
either  entirely  lacking  or  very  slight.  The  specific  rotation 
of  the  inulin  obtained  was  [a']D=  — 37°-2,  which  is  i". 5  higher 
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than  the  rotation  of  the  inulin  obtained  by  the  other  method 
from  roots  gathered  October  24th.  The  ash  of  the  goldenrod 
inulin  amounted  to  0.21  per  cent. 

Helianthus  tuberosus.-kx\.\z\iQ>^^  tubers,  dug  November  i8th, 
were  ground  up  tne  same  day  and  an  inulin  preparation  made 
in  the  same  way  as  the  others.  In  this  case  a  good  yield  of 
helianthenin,  2.1  grams,  was  obtained.  This  preparation, 
which  was  composed  of  balls  of  fine  needles,  was  filtered  off, 
washed  with  95  per  cent  alcohol,  absolute  alcohol,  and  ether, 
and,  after  drying,  examined  by  the  polariscope.  It  was  found 
to  have  a  specific  rotation  of  [«]d  =  — 21°. 97,  which  is  seen 
to  lie  between  those  of  Tanret's  helianthenin  and  his  synan- 
thrin.  Accordingly,  this  preparation  was  fractionated  to  obtain 
pure  helianthenin  if  possible.  Its  solution,  which  was 
slightly  turbid,  was  shaken  up  with  alumina  cream,  filtered 
perfectly  clear,  and  absolute  alcohol  added  to  incipient 
precipitation.  After  standing  over  night,  the  precipitate 
which  had  formed  was  collected  on  a  hardened  filter,  washed 
with  absolute  alcohol  and  ether,  dried,  and  its  specific  rota- 
tion determined.  This  was  found  to  be  [ajo  =■  — 26°. 06, 
which  lies  midway  between  helianthenin  and  inulenin.  The 
preparation  of  inulin  from  the  artichoke  had  an  ash  content 
of  o.  1 7  per  cent  and  gave  a  specific  rotation  of  [a]  d  =  — 33°. 4. 

Dahlia  variabilis.  —  Growing  plants  of  the  dahlia  were 
rooted  up  October  29th,  and  the  tuberous  roots,  after  being  kept 
in  the  laboratory  several  days,  were  put  through  the  second' 
Tanret  process  for  inulin.  Small  quantities  of  the  levulins 
were  obtained  and  a  preparation  of  inulin  having  0.28  per 
cent  of  ash  and  a  specific  rotation  of  [«]d  =  — 33°. 02.  As- 
suming the  correctness  of  the  solubilities  given  by  Tanret  and 
also  the  specific  rotation  of  inulin  given  by  him,  it  is  remark- 
able that  one  should  obtain  inulin  preparations  having  as  low 
a  rotation  as  those  of  the  inulin  of  the  artichoke  and  dahlia 
just  described.  To  further  test  this  point,  the  inulin  obtained 
from  the  dahlia  was  treated  with  alcohol  as  follows  :  Exactly 
3  grams  of  dry  inulin ,'  were  weighed  out  and  boiled  twice 
with  30  CO.  of  60  per  cent  alcohol,  made  from  absolute  alcohol 
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by  dilution,  and  the  residue  was  washed  on  the  filter  with 
boiling  60  per  cent  alcohol.  This  treatment  surely  ought  to 
have  removed  all  the  levulins  if  their  solubilities  are  as  Tanret 
gives  them.  The  total  alcoholic  filtrate  and  washings  were 
collected  in  a  tared  beaker,  dried  first  on  the  water-bath  and 
finally  in  the  drying- oven,  until  the  residue  lost  no  more 
weight.  This  preparation  weighed  0.5984  gram  and  had  a 
specific  rotation  of  [ajn  =  — 26°.:.  From  this  it  appears 
that  the  undissolved  residue  weighed  2.4016  grams  and  had  a 
rotation  of  [ar]^  =  — 34°- 7- 

Inasmuch  as  it  was  thus  shown  that  the  second  method  of 
Tanret  could  not  be  relied  upon  to  give  inulin  preparations 
which  would  always  show  a  specific  rotation  of  39°  to  40'',  it 
was  deemed  worth  while  to  compare  the  jaelds  and  specific 
rotations  of  inulin  made  by  the  two  methods  :  that  of  the 
older  workers  which  we  may  call  Dragendorff's  method  and 
Tanret' s  second  method.  Accordingly,  some  dahlia  tubers, 
which  had  been  taken  up  in  the  fall  and  kept  in  loam  in  a 
cool  cellar,  were  examined  in  January  as  follows  :  The  juice 
of  the  ground  tubers  was  expressed,  the  tissue  residue  boiled 
in  water  with  a  little  calcium  carbonate,  and  the  fluid  ex- 
pressed. The  united  extracts  were  treated  with  lead  acetate 
n  excess  and  the  precipitate  removed  by  filtration.  Two 
portions  of  this  filtrate,  of  965  cc.  each,  were  separately 
worked  up  for  inulin,  one  by  each  method.  By  the  Dragen- 
dorff  method  the  extract,  after  removal  of  the  lead  with  hy- 
drogen sulphide,  was  percolated  through  charcoal,  concentra- 
ted to  140  cc,  and  precipitated  by  the  addition  of  absolute 
alcohol  to  60  per  cent.  The  other  portion  of  the  extract  was 
treated  with  a  slight  excess  of  sulphuric  acid  for  the  removal 
of  the  lead,  but,  on  account  of  the  very  slight  excess  of  lead 
acetate,  ,the  precipitate  of  lead  sulphate  was  too  small  and 
fine  to  be  removed  by  filtration.  The  fluid  was  accordingly 
treated  with  an  excess  of  cold  saturated  barium  hydroxide 
solution  and  then  methyl  alcohol  added  until  it  made  about 
30  per  cent  of  the  whole.  The  copious  precipitate  was  col- 
lected in  a  Biichner  funnel,  carefully  transferred  to  a  beaker, 
rubbed  up  with  water,  and  carbon  dioxide  run  in  for  about 
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one-half  hour.  Then  the  mixture  was  warmed  on  a  water- 
bath,  carbon  dioxide  being  passed  in  during  the  warming. 
The  decomposition  of  the  barium  inulinate  was  continued  un- 
til complete,  as  shown  by  the  reaction  of  the  fluid  and  the 
nature  of  the  precipitate.  The  solution  was  boiled,  filtered, 
and  the  filtrate  dried  on  the  water-bath.  The  residue,  which 
weighed  25  grams  (it  probably  contained  much  moisture  still), 
was  ground  to  a  fine  powder  and  extracted  with  250  cc.  of  84 
per  cent  alcohol,  of  70  per  cent  alcohol,  and  of  60  per  cent 
alcohol,  respectively,  the  filtrations  being  carried  out  in  a  hot- 
water  funnel  to  prevent  error  by  the  cooling  of  the  alcohol. 
The  residue  was  dissolved  in  140  cc.  of  water  and  precipita- 
ted by  adding  alcohol  to  60  per  cent.  The  processes  were 
carried  out  with  great  care  at  every  step  to  avoid  losses,  al- 
though the  nature  of  the  processes,  especially  the  Tanret 
method,  precludes  very  exact  quantitative  manipulations. 
Both  inulin  precipitates  were  filtered  on  hardened  papers, 
washed  with  the  same  strengths  of  alcohol,  and  dried.  The 
inulin  by  the  Dragendorff  method  was  slightly  discolored  on 
account  of  the  inadequacy  of  the  charcoal  filtration.  Dried 
to  constant  weight  it  weighed  22.5  grams  and  had  a  specific 
rotation  of  [«]d  =  — 34°-2,  The  inulin  by  the  Tanret  method 
was  whiter,  weighed  14  grams,  and  had  a  rotation  of  \_a'\^^=L 
— 36°.8. 

It  is  worth  noticing  that  the  inulin  prepared  by  the  Tanret 
method  from  Dahlia,  when  the  plants  were  still  in  vigorous 
growth,  showed  a  specific  rotatory  power  of  \_a\-a-=  —33°. 02. 

It  has  been  observed  in  many  cases  that  by  solution  and 
reprecipitation  of  inulin  preparations  the  specific  rotation 
rises.  Assuming  that  if  such  a  procedure  were  repeated  un- 
til a  constant  rotation  was  obtained  one  would  then  have  pure 
inulin,  the  properties  of  which  might  be  determined,  I  car- 
ried out  the  experiments  to  be  detailed. 

/.  Preparation  A  ;  from  Lappa  minor. — Ai,  Prepared  from 
burdock  by  Dragendorff 's  method,     [ajn  =  — 35°. 3- 

A2.  Ai  dissolved,  precipitated  by  alcohol  to  60  per  cent, 
washed  in  cold  60  per  cent,  and  boiled  in  60  per  cent  alcohol. 
Wo  =  -37°.6. 
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A3.  A2  treated  as  last.      [o^Jd  =:  — 39°. 6. 

A4.   A3  treated  as  last.      [^Jd  =  — 37°-8- 

//.  Preparation  B ;  from  Lappa  minor. — Bi.  Prepared 
from  burdock  by  second  Tanret  method.     \_oc\^  =  — 40°. 5. 

B2.  Bi  dissolved  in  water,  precipitated  by  alcohol  to  60  per 
cent,  boiled  in  60  per  cent  alcohol,  washed  in  absolute  alcohol 
and  ether,      [a]^  =  —38°. 8. 

///.  Preparation  C ;  from  Dahlia  variabilis. — Ci.  Pre- 
pared from  dahlias  by  Dragendorff's  method.  [a]D=z 
— 33°-4- 

C2.  Ci  dissolved  and  precipitated  by  the  addition  of  alco- 
hol to  60  per  cent.     [<*]d  =  — 36°. 4. 

C3.  C2  dissolved  and  precipitated  by  alcohol  to  60  percent, 
dissolved  and  precipitated  as  before,  boiled  in  60  per  cent  al- 
cohol, and  washed  with  absolute  alcohol  and  ether.  [o-Ju^ 
-37°-8. 

C4.  C3  dissolved,  precipitated  with  alcohol  to  60  per  cent, 
boiled  in  60  per  cent  alcohol,     [or]  d  ^  — 40°.  i . 

C5.  C4  treated  as  last,      [orju^ — 36°. 2. 

IV. — In  this  experiment,  instead  of  subjecting  the  inulin  to 
be  polarized  to  the  long  dryings  necessary  to  get  it  to  con- 
stant weight,  the  main  part  of  the  preparation  was  examined 
air-dry  and  a  small  sample  removed  and  a  moisture  deter- 
mination made  on  it.  The  results  were  then  calculated  for 
moisture-free  substance.  Two  preparations,  one  from  dahl- 
ias and  one  from  burdocks,  were  run  along  side  by  side. 
The  purifications,  which  were  the  same  at  every  step  and 
upon  both  samples,  consisted  of  solution  in  water,  precipita- 
tion by  alcohol  added  to  60  per  cent,  boiling  in  60  per  cent 
alcohol,  washing  in  hot  60  per  cent  alcohol,  cold  95  per  cent 
and  absolute  alcohol,  and  finally  with  ether.  The  ether  was 
entirely  removed  by  drying  below  100°. 

Di,  From  burdock,  Dragendorff's  method,     [orjo  —  — 37°. 2. 

Ei.  From  dahlia,  Dragendorff's  method.       \_a\^zzi — 36°. 6. 

D2.  From  Di  as  described  above,     [ajnzr — 38°. 8. 

E2.  From  Ei  as  described  above.     ['^Jd^  — 37°- 1- 
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D3.  From  D2  as  described  above,     [a']^^  — 34°-7. 
E3.  P'rom  K2  as  described  above.     [«]d  =  — 34°-9- 

Preparations  D3  and  E3  were  kept  for  three  months  tightly 
stoppered  in  a  desiccator  over  sulphuric  acid  before  they  were 
examined  in  the  pclariscope. 

Judging  by  the  results  of  these  experiments  it  seems  evi- 
dent that  inulin  preparations  cannot  be  obtained  with  a  spe- 
cific rotation  much  greater  than  — 40°.  Inulin  in  this  condition 
appears  to  be  unstable,  at  least  its  rotatory  power  decreases 
on  solution  and  reprecipitation. 

Conclusions . 

It  appears  from  the  investigations  of  others  and  from  the  ex- 
perimental evidence  given  above  that  we  are  justified  in  draw- 
ing the  following  conclusions  : 

1.  Inulin  obtained  from  the  underground  storage  organs  of 
Dahlia  variabilis,  Helianthus  tuberosus,  Lappa  minor,  Inula 
Helenium,  and  Solidago  shows  no  essential  differences  and 
may  be  looked  upon  as  the  same. 

2.  Inulin  is  accompanied  in  these  places  by  levulins,  re- 
sembling inulin  in  composition,  but  differing  from  it  in  pos- 
sessing a  greater  degree  of  solubility  and  a  lower  specific  rota- 
tion. 

3.  The  line  of  division  between  inulin  and  the  levulins  is 
apparently  a  very  difficult  one  to  draw  ;  the  physiological 
significance  of  such  a  division  is  somewhat  problematical. 

4.  The  first  method  devised  by  Tanret  is  an  extremely 
tedious  process  and  of  somewhat  doubtful  value  for  general 
use.  The  second  method,  although  rather  long,  is  readily 
enough  applied,  but  apparently  involves  some  loss  of  material 
and  does  not  yield  preparations  having  the  properties  of  inu- 
lin as  given  by  the  author  of  the  process. 

5.  Tanret  claims  to  have  isolated  and  determined  the  prop- 
erties of  the  various  levulins,  but  the  actual  laboratory  ex- 
perience with  his  methods  and  the  products  obtained  thereby 
force  one  to  be  somewhat  skeptical  about  the  results  given  in 
Tanret's  papers. 
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6,  The  results  obtained  in  the  attempts  to  get  pure  inulin, 
using  its  specific  rotation  as  a  criterion  of  purity,  are  very 
puzzling  ;  they  may,  however,  be  of  value  in  helping  us  to 
form  an  idea  of  the  nature  of  inulin.  In  this  connection  the 
results  of  attempts  to  determine  the  molecular  weight  of  inu- 
lin are  of  interest.  Tanret  gives  to  inulin  a  molecular  weight 
of  4827  ;  Brown  and  Morris^  found  in  two  trials  2159  and 
2209  ;  Ekstrand  and  Mauzelius''  were  unable  to  obtain  con- 
stant results  on  an  inulin  having  a  specific  rotation  of  [«]d  '=■ 
— 35°. 39,  but  obtained  lowerings  of  the  freezing-point  corre- 
sponding to  molecular  weights  of  from  796  to  4028.  In  the 
only  determination  which  I  have  made,  the  depression  of  the 
freezing-point  indicated  a  molecular  weight  of  2329,  but  when 
more  inulin  was  added  to  the  solution  and  the  freezing-point 
again  determined  it  was  found  to  be  the  same  as  before,  a 
very  confusing  and  contradictory  result ;  the  inulin  used  had 
a  specific  rotation  of  [ar]^^  — 38°. 6. 

There  must  be  some  explanation  for  the  anomalous  be- 
havior of  inulin  as  shown  by  the  various  data  given  above. 
Perhaps  we  do  not  know  enough  about  it  to  form  an  intelli- 
gent hypothesis,  but  the  following  conception  may  be  help- 
ful :  The  living  cells  of  the  storage  organs,  in  polymerizing 
the  levulose  brought  to  them,  build  it  up  into  compounds  of 
the  percentage  formula  CeH^Oj,  or  perhaps  6(CgHio05)HjO, 
perhaps  both.  The  compounds  actually  formed  are  made  up 
of  a  variable  number  of  these  radicals  in  loose  combination. 
In  these  substances,  either  when  within  the  cells  or  when 
outside  of  them,  the  great  looseness  of  the  combinations  of  rad- 
icals allows  ready  changes  of  size  and  arrangement  in  the 
molecular  aggregates,  rearrangements  which  condition  small 
differences  of  properties.  Thus  it  is  conceivable  that  the 
levulins  of  greater  solubility  are  made  up  of  a  smaller  number 
of  molecular  nuclei  in  the  aggregates  ;  and  that  inulin,  with 
the  largest  molecules,  highest  rotatory  power,  and  least  solu- 
bility,  stands  at  the  head   of    the   series.      Inulin    itself  is 

1"  Molecular  weights  of  the  carbohydrates,"  J.  Chem.  Soc.  (London),  40,  46a 
(1889). 

'  "  Moleculargrdsse  einiger  dem  Inulin  verwandter  Kohlenhydrate,"  Chem.  Ztg. , 
13,  1302,  1337  (1889). 
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apparently  not  a  single,  well-defined  compound,  but  is  the 
name  of  a  variety  and  mixture  of  molecular  complexes, 
which,  on  account  of  the  narrow  range  of  differences,  have 
been  regarded  as  a  single  substance.  There  is  a  suggestion 
in  the  experimental  evidence  that  the  solubility  and  specific 
rotation  of  inulin  do  not  always  vary  together. 

May  we  not,  in  a  purely  empirical  way,  call  the  carbohy- 
drate, or  carbohydrate  mixture,  which  is  readily  precipitated 
in  cold  alcohol  of  60  percent  strength,  and  has  a  specific  rota- 
tion of  [<a']D== — 33*^  to — 40°  inulin  ;  and  the  undetermined 
mixture  of  lower  rotatory  power  and  greater  solubility,  the 
levulin  mixture  ? 

Laboratory  of  Plant  Physiology, 

Sheffield  Scientific  School, 

Yale  University. 


A    RAPID    METHOD    FOR    THE    DETERMINATION 
OF  TOTAL  SULPHUR  IN  IRON  BY  EVO- 
LUTION. 

By  S.  S.  Knight. 

The  recent  modification  of  the  method  for  determining  sul- 
phur in  iron,  presented  by  Walters  &  Miller,  of  Pittsburg, 
Penna.,  had  as  its  principal  disadvantages  the  extraordinarily 
long  time,  which  they  claim  would  be  at  least  an  hour,  under 
the  most  favorable  circumstances,  to  complete  a  sulphur  de- 
termination and  also  the  expensive  and  unusual  apparatus  for 
roasting  samples  in  a  current  of  reducing  gases. 

In  commercial  laboratories  which  are  not  equipped  with 
this  apparatus  the  recent  modification  of  this  roasting  process 
has  consisted  in  roasting  the  weighed  sample  for  a  period  of 
one  hour  at  a  slowly  increasing  temperature.  The  culmina- 
tion of  this  annealing  process  was  the  highest  heat  obtainable 
before  a  blast-lamp,  which  was  continued  for  at  least  fifteen 
minutes.  The  sample  thus  roasted  was  treated  as  heretofore 
by  the  evolution  process. 

In  the  laboratory  of  the  Birmingham  Pipe  and  Casting 
Company,  the  writer  has  been  able  to  get  results  which  check 
very    closely    with    those   obtained    by    the    above-described 
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method,  and  also  with  those  obtained  by  the  barium  chloride 
gravimetric  method,  by  the  following  process  : 

The  weighed  sample,  which  in  our  case  consisted  of  2 
grams,  was  mixed  with  i  gram  of  the  purest  obtainable  iron 
dust  by  hydrogen,  and  in  which  the  sulphur  content  had 
been  previously  determined.  This  mixed  sample  is  then 
placed  in  a  small  porcelain  crucible  and  i  gram  more  of  the 
iron  b}'  hydrogen  is  sprinkled  over  the  top  so  as  to  form  a 
continuous  covering.  On  top  of  this  is  placed  a  small  disk  of 
quantitative  filter-paper,  the  lid  is  then  placed  on  the  cruci- 
ble and  this  is  placed  on  the  triangle  over  the  blast-lamp. 
For  ten  minutes  the  highest  heat  obtainable  v.'ith  the  blast- 
lamp  is  used  in  roasting  this  mixture,  at  the  expiration  of 
which  time  it  is  allowed  to  partially  cool,  and  the  contents  of 
the  crucible  are  then  placed  in  the  ordinary  evolution-flask 
and  treated  with  hydrochloric  acid,  while  the  evolved  gases 
are  washed  in  any  of  the  common  forms  of  absorption  bulbs. 
The  absorbent  liquid  in  our  case  has  been  an  ammoniacal 
solution  of  cadmium  chloride  which  was  afterwards  titrated 
with  the  iodine  solution  of  knowm  strength.  The  results  ob- 
tained by  this  method  are  exactly  those  given  by  standard 
gravimetric  methods  and  also  the  same  as  those  obtained  by 
Walters  &  Miller's  method,  while  the  time  consumed  is  some- 
thing less  than  one-half  hour  from  the  time  the  sample  arrives 
in  the  laboratory. 

It  is  believed  by  the  writer  that  the  advantage  of  this  modi- 
fication will  be  readily  appreciated  by  chemists  in  charge  of 
commercial  laboratories. 

Birmingham,  Ala.,  Feb.  i5,  1904. 
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Observations  upon  the  Boiling-points  of  some  Organic  Liquids: 

A   Method  of  Determining  the  Molecular  Weights  of 

Pure  Liquids  and  Solids. 

In  an  article  under  the  above  title,  published  in  the  "  An- 
nales  Scientifiques  de  I'Universite  de  jassj^"  (March,  1901), 
G.  G.  Longinescu  has  pointed  out  that  a  simple  relation  exists 
between  the  boiling-points  of  organic   liquids,  their  densities, 
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and  the  number  of  atoms  in  their  molecules.  Reviewing  the 
work  of  Kopp,  he  shows  that  the  boiling-points  are  dependent 
upon  the  number  of  atoms  in  the  molecule  and  the  number  of 
molecules  in  unit  volume.  Schroeder  has  further  shown  that 
the  boiling-point  depends  upon  the  arrangement  of  the  mole- 
cules among  themselves,  and  upon  the  grouping  of  the  atoms 
in  the  molecule.  A  study  of  the  relation  between  the  molec- 
ular weights,  densities,  and  boiling-points  of  various  organic 
liquids  has  led  the  author  to  the  conclusion  that  the  ratio  be- 
tween their  boiling-points  is  equal  to  the  ratio  be- 
tween their  densities,  when  this  latter  is  multiplied  by  the 
square-root  of  the  ratio  between  the  number  of  atoms  in  the 
molecules  of  the  two  substances.     This  relation  is  expressed 

in  the  equation  — ^  ^  -—  \\—r,  where  T  and  T'  are  the  abso- 
1  ]j    \  ti 

lute  boiling  temperatures  of  the  two  liquids.     D  and  D'  their 

densities  at  o°,  and  n  and  n'  the  number  of  atoms  in  their 

molecules. 

From  this  equation  it  follows  that  if  the  number  of  atoms  in 
the  molecules  of  two  substances  is  the  same,  the  boiling-points 
are  directly  proportional  to  their  densities,  a  fact  which  he 
shows  to  hold  for  a  long  list  of  isomeric  substances.  This 
proportionality  may  also  be  deduced  from  Van  der  Waals' 
equation  for  "  change  of  state." 

On  applying  this  fundamental  equation  to  a  large  number 
of  compounds,  lyonginescu  found  it  to  hold  very  closely, 
while  where  the  relation  did  not  seem  to  exist,  previous  work 
had  shown  the  molecules  to  be  associated  to  a  considerable 
extent.  This  led  him  to  apply  the  equation  to  the  deter- 
mination of  the  degree  of  association  of  liquids  and  solids.^ 
By  a  simple  transformation  Equation  I.  becomes 

T                T'  /      T      \^ 
=  =  =  =  constant  or  «  =  I  _  ^^  ..,      . 

D>/«      D v«'  V  c  X  D ; 

Taking  some  liquids  that  had  been  shown  by  other  methods 
not  to  be  associated  he  calculated  this  constant  in  a  number 
of  cases,  and  found  it  to  be  loo. 

For  associated  liquids  a  different  value  was  obtained,  the 
maximum  value  (215)  being  found  for  water.  The  boiling- 
point  and  density  of  a  liquid  being  known,  all  the  data  are 
then  at  hand  for  calculating  the  number  of  atoms  in  the  mole- 
cule. 

To  test  the  equation  n  =.  (  j  ,  it  was  applied  to  over 

1  J.  Chim.  Phys.,  Oct.,  1903. 
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125  non-associated  liquids  and  gave  in  no  case  a  difference  of 
more  than  2  atoms  between  the  number  as  calculated  and  as 
given  in  the  simplest  chemical  formula.  It  was  further  ap- 
plied to  liquids  whose  association  had  been  determined  by 
Ramsa}^  Vernon,  and  others,  and  gave  results  agreeing  with 
theirs  in  a  striking  manner.  Thus,  the  association  of  methyl 
alcohol  was  found  to  be  3.1,  ethyl  alcohol  2.2,  propyl  alco- 
hol 1.7,  acetone  1.6,  while  Ramsay,  by  his  method,  found 
for  the  corresponding  substances  3.4,  2.7,  2.2,  and  1.5. 

By  this  method  the  association  of  formic  acid  was  found  to 
be  1.8,  acetonitrile  3.1,  aldehyde  2,  nitroethane  1.4,  ethyl- 
amine  1.6,  glycol,  1.7,  etc. 

For  organic  solids^  a  similar  relation  was  found  to  hold,  D 
in  this  case  representing  the  density  and  T  the  absolute  melt- 
ing-point. The  value  of  the  constant  for  solids  was  found  to 
be  50.  A  large  number  of  solids  were  studied,  and  in  general 
the  degree  of  polymerization  in  the  solid  state  was  found  to  be 
double  what  it  was  in  the  liquid.  This  would  not  follow, 
however,  from  the  value  of  the  constants  in  the  two  cases, 
because  one  depends  upon  the  boiling-points  and  the  other 
the  melting-points. 

Kiister's  work  on  the  determination  of  the  molecular  weights 
of  solids  in  isomorphous  mixtures,  is  the  most  important  work 
with  which  comparisons  can  be  made  in  this  field,  and  it  is 
interesting  to  note  that  his  results  agree  with  those  of  I<ongin- 
escu.  For  the  most  part  the  results  of  lyonginescu  with  solids 
will  have  to  be  accepted  on  their  face-value  until  confirmation 
is  obtained. 

In  the  application  of  the  equation  to  inorganic  liquids  and 
solids'  a  difficulty  was  encountered  in  the  large  atomic  weights 
of  some  of  the  elements.  The  weight  of  the  molecules  has  an 
effect  which  the  author  is  unable  to  explain,  but  he  hopes  to 
be  able  to  clear  up  this  point  in  a  future  paper.  At  present 
he  limits  his  compounds  to  those  made  up  of  elements  having 
atomic  weights  less  than  40.  For  these  the  constants  were 
found  to  be  the  same  as  for  organic  liquids  and  solids. 

The  agreement  between  his  results  and  those  of  other 
workers  is  very  close.  Thus,  liquid  hydrofluoric  acid  was 
found  by  both  Vernon  and  lyonginescu  to  be  four  times  polym- 
erized, while  they  both  found  that  there  are  12  atoms  in  the 
molecule  of  liquid  sulphur.  The  oxides  of  chlorine  and  nitro- 
gen were  found  to  be  normal  by  Vernon,  Ramsay,  and  Long- 
inescu.  For  water  the  equation  gave  5,  while  Vernon  found 
4.5  and  Ramsay  and  Shields  3.5.     A  striking  exception  is 

1  J.  Chim.  Phys.,  Oct.,  1903. 

2  Ibid.,  Nov.,  1903. 
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noted  with  liquid  hydrocyanic  acid,  which  Longinescu  found 
to  be  six  times  polymerized,  while  from  previous  work  it  was 
only  supposed  to  be  four.  The  new  number  explains  much 
better  some  of  the  properties  of  the  compound  than  the  old. 

For  inorganic  solids^  the  results  differ  greatly,  and  we  have 
no  method  of  comparison.  Most  of  the  solids  are  found  to  be 
highly  polymerized.  Thus,  h3'drofluoric  acid  in  the  solid 
state  is  seven  times  polymerized,  water  9.6,  hydrocyanic 
acid  17.3,  ammonia  10,  potassium  nitrate  6.8,  sodium  nitrate 
5.2,  potassium  carbonate  20.1,  sodium  carbonate  19  8,  and  so 
on  for  a  long  list  of  substances. 

L.  S.  Taylor. 
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A  History  of  Hindu  Chemistry,  from  the  Earliest  Times  to  the 
Middle  of  the  Sixteenth  Century,  A.  D.,  with  Sanskrit  Texts,  Var- 
iants, Translation,  and  Illustrations.  By  Praphulla  Chandra 
Ray,  D.Sc,  Professor  of  Chemistry,  Presidency  College,  Calcutta. 
Vol.  I.     London  :  Williams  &  Norgate. 

To  quote  from  the  author's  preface:  "The  progress  of 
chemical  knowledge  among  the  ancient  nations  has  always 
had  a  fascination  for  me,  *  *  *  jj-  yj^^s  at  this  stage  that 
I  was  brought  into  communication  with  M.  Berthelot  some 
five  3'ears  ago,  a  circumstance  which  has  proved  to  be  a  turn- 
ing-point, if  I  may  say  so,  in  my  career  as  a  student  of  the 
history  of  chemistry.  *  *  *  gut  j  soon  found  that  the 
task  was  one  of  great  magnitude.  *  *  *  j^  |-^g  present 
volume  only  one  or  two  representative  works  of  the  Tantric 
and  latro-chemical  periods  have  been  noticed  at  length." 

This  important  work  is  written  by  an  author  well  fitted  for 
his  task  and  it  is  hoped  that  the  promised  succeeding  volumes 
will  soon  appear.  Certain  conclusions  of  value  to  the  chem- 
ical historian  should  be  noticed.  Since  Berthelot  showed  that 
true  alchemy  began  in  Egypt  about  the  beginning  of  our  era, 
the  only  doubt  which  overshadowed  that  conclusion  was 
whether  the  origin  of  the  Egyptian  art  might  not  at  some  time 
be  found  in  India.  This  doubt  seems  now  dispelled.  The 
author  finds  no  definite  mention  of  mercury  or  bronzing 
methods  before  the  eighth  or  possibly  even  the  eleventh  cen- 
tury. In  fact,  early  Indian  alchemy,  developed  in  the  elev- 
enth century  (by  Chakrapaui,  1060,  and  in  the  Rasanava) 
had  to  do  not  with  metals,  but  with  medicine,  and  is  thus  to 
be  sharply  distinguished  from  true  Egyptian  alchemy,  though 
it    may  have   been    derived    from  it.     The  latro-  or  medical 

1  J.  Chiin.  Phys.,  Nov.,  1903. 


Reviews.  89 

chemistry  developed  in  India  was  transmitted  directly  by  the 
Arabians  into  Western  Europe.  The  author's  illustrations 
are  largely  drawn  from  Rasaratna-samuchchaya  ("  alchemis- 
tic  collection")  of  the  fourteenth  century,  the  contemporaries 
of  which  were  such  alchemists  as  Roger  Bacon,  "  Albertus 
Magnus  "  "  Raymundus  Lullus,"  and  Arnaldus,  and  it  ap- 
pears quite  evident  that  medical  alchemy  was  much  more 
highly  developed  at  that  time  in  India,  which  was  its  source, 
than  in  Europe. 

The  famous  poison  passage  of  Pliny  is  quoted  as  though  it 
originated  in  India  in  the  Charaka,  fifth  century  B.  C,  al- 
though the  only  intelligible  interpretation  of  this  passage^ 
seems  to  be  an  alchemistic  one  and  there  was  no  alchemy  in 
India  at  that  time. 

To  the  historian  the  so-called  European  alchemy  (from  the 
fourteenth  to  the  sixteenth  centuries)  will  now  appear  pic- 
tured as  the  fusion  of  two  streams.  Egyptian  alchemy, 
which  taught  the  identification  of  the  metals  by  their  colors 
and  the  transmutation  of  the  metals  by  their  bronzes,  was  as 
an  art  destroyed  by  Roman  edict  in  the  third  century.  Out 
of  this  disaster  some  of  the  manuscripts  of  alchemy  were 
saved  by  the  Syrians  and  Arabians.  But  it  was  not  until  the 
medicine  which  they  had  just  received  from  India  became 
their  principal  interest  that  the  Arabians  transmitted  into 
Europe  both  medicine  from  India  and  alchemistic  writings 
from  Egypt.  Here  medicine,  transplanted  from  its  source, 
failed  to  reach  the  standard  attained  in  India  ;  and  alchemj', 
utterly  misunderstood,  was  translated  into  medical  terms. 
The  philosopher's  stone  became  the  elixir  of  life.  So,  though 
the  spirit  of  alchemy  had  died  in  Egypt,  the  hollow  terms 
were  used  and  devoutly  believed  and  alchemy  became  a  drag 
upon  medicine.  It  was  not  until  the  sixteenth  century  that 
latro-chemistry  in  Europe  was  able  to  make  its  first  advance, 
when  Paracelsus,  discarding  the  empty  shell  of  "  alchemy," 
routed  the  charlatan  and  proclaimed  that  the  "  object  of  chem- 
istry is  not  to  make  gold  but  to  prepare  medicines." 

But  one  question  remains  to  be  asked.  Why  in  India  did 
the  early  promise  of  progress  in  the  fourteenth  century  come 
to  naught  ?  Perhaps  Professor  Ray  will  tell  us  this  in  the 
succeeding  volumes.  A.  j.  H. 

Die  Elektrometallurgie  der  Ai^kalimetalle.  Von  H.  Becker, 
Herausgeber  von  "  L'lndustrie  Elektrochimique,"  Paris.  Mono- 
graphieniiber  angewandte  Elektrochemie,  IX  Band.  Halle,  a.  S. : 
Verlag  von  Wilhelm  Knapp.     1903.     pp.  135.     Price,  6  marks. 

As  the  title  implies,   there  is  discussed  here  the  various 

1  Chem.  News,  1902,  p.  49. 
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methods  for  obtaining  the  alkali  metals.  A  brief  account  of 
the  chemical  methods  is  followed  by  an  elaborate  discussion 
of  the  electrochemical.  The  monograph  concludes  with  a 
short  chapter  on  electrothermal  procedure  in  obtaining  the 
alkalies  and  alkaline  carbides.  H.  C.  j. 

WiLHElrM  OSTWALD.      By  PAUL  Walden.     Mit  zwei  Heliograviiren 

und   einer    Bibliographic.     Leipzig ;    Verlag  von   Wilhelm   Engel- 

tuann.     pp.  120.     1904. 

This  life  of  Ostwald  will  be  read  with  interest  by  all  who 
have  had  the  good  fortune  to  know  him,  and  will  be  espe- 
cially welcomed  by  those  who  have  been  privileged  to  work 
with  him.  The  life  of  this  remarkable  man  is  largely  a  his- 
tory of  the  development  of  modern  physical  chemistry.  As  is 
well  known,  he  was  the  organizer  of  the  "  Leipzig  School"  of 
Physical  Chemists,  the  founder  of  their  official  organ — The 
Zeitschrift  fur  physikalische  Chemie — and  the  investigator 
who  furnished  the  experimental  proof  of  several  of  the  gener- 
alizations upon  which  the  "  new  chemistry"  rests. 

The  author  discusses  the  life  of  Ostwald  in  five  periods. 
The  first  period  (1853  to  187 1)  includes  the  boyhood  and 
early  school  days  of  Ostwald.  The  second  (1872  to  1875) 
deals  with  Ostwald,  the  student  at  Dorpat.  The  third 
(1875  to  1 881)  with  him  as  teacher  in  Dorpat.  The  fourth 
(188 1  to  1887)  period  tells  us  of  Ostwald  the  professor  in 
Riga,  and  the  fifth  is  the  I^eipzig  period. 

As  Walden  points  out,  much  work  was  done  during  the 
Riga  period,  but  the  greatest  activity  was  shown  after  settling 
down  in  I^eipzig.  Here  Ostwald  was  in  the  very  center  of 
scientific  activity,  and  his  genius  received  unlimited  stimulus 
from  his  surroundings.  Further,  he  saw  a  new  day  for  chem- 
ical science,  to  be  inaugurated  largely  through  his  own  ef- 
forts. Van  't  Hoff  had  pointed  out  the  fundamental  relations 
between  solutions  and  gases,  and  Arrhenius  had  proposed 
the  Theory  of  Electrolytic  Dissociation.  Ostwald  saw  the 
consequences  of  these  generalizations,  probably,  as  no  one 
else  had  done,  and  began  to  apply  them  in  all  directions  in 
physics  and  chemistry.  Under  his  guidance  Nernst  made  use 
of  them  in  solving  the  problem  of  the  primary  cell. 

A  large  number  of  students  began  to  migrate  to  Leipzig, 
and  with  their  aid  Ostwald  worked  out  experimentally  the 
suggestions  that  had  come  to  him. 

Most  of  the  striking  characteristics  of  Ostwald  have  been 
faithfully  portrayed  by  Walden.  Perhaps  one  or  two  addi- 
tional points  may  be  referred  to.  Ostwald  always  impressed 
the  writer  of  this  review  as  having  a  control  of  physical  and 
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chemical  literature  that  was  simply  wonderful — matters 
which  other  men  of  far  maturer  years  knew  where  to  find, 
Ostwald  had  always  at  his  finger's  end.  This  seemed  to  ap- 
ply to  almost  every  phase  of  Physics,  Inorganic  Chemistry, 
and  Physical  Chemistry. 

A  personal  characteristic  which  made  a  lasting  impression 
on  us  all  was  the  absolute  lack  of  selfishness  in  our  teacher. 
Investigation  after  investigation  was  suggested  to  us,  and 
when  complete  we  were  told  to  publish  it  as  if  it  were  of  our 
own  thinking.  This  characteristic  was  so  pronounced  as  to 
call  for  special  comment. 

May  the  life  of  Ostwald  just  written  by  Walden  be  but  the 
preface  to  the  longer  life  of  scientific  activity  which  yet  re- 
mains to  him.  H.  c.  J. 

MONOGRAPHIEN  tJBER  AnGEWANDTE  ChEMIE,  VII.      CYANID-PrOZESSE 

zuR  Goldgewinnhng.  Nach  einschlagigen  Quellen  bearbeitet  von 
Manuel  von  Uslar,  dipl.  Hiitteningenieur,  unter  Mitwirkung  von 
Dr.  George  Erlwein,  Vorstand  der  elektrochemischen  Abteilung 
der  Siemens  und  Halske  A.  G.,  Berlin.  Mit  30  Figuren  und  13 
Tabellen  im  Text  und  3  Tafeln.  Halle  a.  S.  :  Verlag  von  Wilhelm 
Knapp.     1903. 

In  this  book  of  100  pages  and  four  chapters,  besides  the  in- 
troduction, is  given  much  of  interest  concerning  the  cyanide 
process  of  obtaining  gold.  The  first  chapter  gives  an  account 
of  the  Mc Arthur  Forest  and  the  Siemens- Halske  processes. 
The  next  describes  the  methods  in  actual  use  in  seven  works, 
including  the  dimensions  of  the  tanks,  the  amount  of  cyanide 
used,  the  charge  per  tank,  etc.  The  relative  cost  is  also 
stated.  The  fourth  chapter,  about  one-half  of  the  book,  is 
devoted  to  the  modifications  of  the  process.  Of  most  interest 
to  the  chemist  who  is  not  a  specialist  in  this  line  is  the  third 
chapter,  which  discusses  the  chemistry  of  the  process.  When 
gold  dissolves  in  a  solution  of  potassium  cyanide  two  reac- 
tions take  place  : 

(i)  2Au  +  4KCN  +  2H,0  -1-0,= 

2KAu(CN),  -h  2KOH  -h  H,0,; 
(2)  2Au  -h  4KCN  +  H.O^     —     2KAu(CN),  -|-  2KOH. 

The  metal  must  be  in  a  finely  divided  state,  and  even  then 
it  will  not  dissolve  if  the  oxygen  of  the  air  is  excluded.  Upon 
the  latter  fact  are  based  a  number  of  patents  that  are  chiefly 
of  scientific  interest  and  of  little  practical  importance.  The 
influence  of  other  constituents  of  the  ore  are  taken  up  also. 
The  elements,  antimony,  arsenic,  and  tellurium  are  up  to 
the  present   ' '  Schmerzenskinder' '  for  those  engaged  in  the 
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cyanide  process,  for  no  cheap  and  practicable  way  of  dealing 
with  them  has  been  devised.  Zinc  blende  and  lead  com- 
pounds exert  an  unfavorable  influence,  as  do  also  iron  sul- 
phate and  other  salts  formed  by  weathering.  Carbon  dioxide 
from  the  air  sets  hydrocyanic  acid  free,  and  even  the  oxygen 
may  do  harm,  although  it  is  necessary,  as  shown  above.  An 
excess  of  it  acts  in  this  way  : 

(1)  KCN  -f  O     =     KCNO; 

(2)  2KCNO  -I-  3O       rr:       K^COg  +  CO,  +  N,  ; 

(3)  2KCN  +  CO,  +  H,0     =     KjCOj  +  2HCN. 

When  the  gold  is  in  solution  it  is  precipitated  by  adding 
metallic  zinc.     According  to  the  equation, 

2KAu(CN),  +  Zn     =     2Au  +  Zn(CN),(KCN)„ 

I  gram  of  zinc  should  precipitate  about  6  grams  of  gold,  but 
here  again,  on  account  of  side  reactions,  40  grams  are  needed 
to  throw  down  6  grams  of  gold.  The  chapter  includes  an  ac- 
count of  the  analytical  methods  used  at  the  different  works. 

C.  B.  W. 

Directions  for  Laboratory  Work  in  Physiological  Chemistry. 
By  Holmes  C.  Jackson,  Ph.D.,  Assistant  Professor  of  Physiological 
Chemistry  in  the  University  and  Bellevue  Hospital  Medical  College. 
Second  edition.     New  York  :  John  Wiley  &  Sous.     1903.     pp.  148. 

The  author  has  added  much  new  material  in  this  edition. 
The  experiments,  which  are  clearly  described,  are  not  fully 
explained  so  that  the  student  has  to  make  out  the  meaning  of 
the  experiments  for  himself.  The  book  is  not  unique  in  any 
particular  but  conforms  to  the  usual  type  of  manuals  on 
laboratory  practice  in  physiological  chemistry.  a.  s.  L,. 
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A     NEW     EI.ECTRIC    FURNACE     AND      VARIOUS 

OTHER  EEECTRIC  HEATING  APPEIANCES 

FOR  LABORATORY  USE.' 

By  H.  N.  Morse  and  J.  C.  W.  Frazer. 

Having  found  in  the  electrolytic  process^  a  ready  and  satis- 
factory means  of  depositing  semi-permeable  membranes,  and 
having  overcome,  to  some  extent,  the  mechanical  difficulties 
which  are  encountered  in  assembling,  in  a  secure  manner,  the 
various  parts  of  the  osmotic  cell,  we  turned  our  attention  to 
the  third,  and  probably  the  most  difficult,  problem  which 
must  be  solved  before  any  attempt  to  devise  a  practicable 
method  for  the  direct  measurement  of  osmotic  pressure  can 
succeed — namely,  to  the  porous  wall  on  which  the  semi-per- 
meable membrane  is  deposited. 

Thin  sections  of  the  walls  of  the  cells  in  which  the  high 
pressures  recorded  elsewhere^  had  been  developed,  as  well  as 

1  The  work  of  the  authors,  undertaken  with  the  purpose  of  perfecting,  if  possi- 
ble, a  practicable  method  for  the  measurement  of  osmotic  pressure,  has  been  car- 
ried on  with  the  aid  of  grants  from  the  Carnegie  Institution.  The  present  article  de- 
scribes some  of  the  incidental  results  of  that  work. 

2  This  Journal,  26,  80  ;  28,  i  ;  29,  173. 
«  Ibid.,  28,  I. 
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of  cells  which  had  conducted  themselves  unsatisfactorily, 
were  studied  under  the  microscope,  and  it  was  found  that 
there  are  certain  well-marked  characteristic  differences  of 
porous  wall  structure  between  those  cells  which  conduct  them- 
selves well  and  those  in  which  it  is  impossible  to  develop  any 
considerable  pressure. 

These  differences  will  be  described  more  fully  in  a  later 
article  in  connection  with  an  account  of  our  attempts  to  pro- 
duce in  the  laboratory  a  porous  clay  wall  suitable  for  the  con- 
struction of  osmotic  cells.  It  is  suflScient,  for  present  pur- 
poses, to  state  that  we  soon  found,  in  the  course  of  our  study 
of  thin  sections,  that  probably  one  reason  for  the  more  or  less 
complete  failure  of  more  than  nine-tenths  of  the  porous  ves- 
sels made  at  the  potteries  is  the  too  rapid  expulsion  of  the 
chemically  combined  water  during  the  baking  of  the  clay, 
which  results  in  the  production,  by  the  escaping  steam,  of 
relatively  large  channels  through  the  wall  material.  The 
openings  of  these  channels  on  the  interior  surface  of  the  ves- 
sels are  spanned — not  filled — by  the  membrane,  and  when  the 
membrane  is  subjected  to  pressure  it  is  ruptured  at  the  un- 
supported points. 

It  appeared  that  some  method  of  baking  must  be  devised 
which  would  make  practicable  a  very  precise  regulation 
through  the  range  of  temperatures  within  which  clay  loses  the 
greater  portion  of  its  water.  The  electric  furnace  in  which 
the  resistance  of  platinum  wire  is  utilized  to  secure  high  tem- 
peratures appeared  likely  to  answer  our  purpose,  and  we  pro- 
cured one  of  a  type  which  has  had  some  currency  in  this 
country.  In  it  the  wires  are  threaded  through  holes  in  the 
interior  of  the  sides  and  bottom  of  the  furnace  so  that  the  heat 
generated  in  the  wires  must  penetrate  a  considerable  thickness 
of  clay  before  reaching  the  space  to  be  heated.  With  such  an 
arrangement  it  requires  a  very  long  time  to  obtain,  with  any 
given  current,  the  temperature  which  that  current  will  eventu- 
ally maintain  in  the  furnace.  In  the  case  of  the  instrument 
here  mentioned,  from  seven  to  nine  hours  were  required  to 
reach  a  constant  temperature  with  a  constant  current,  and 
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close  regulation  was  therefore  impossible.  Another  objection 
to  this  furnace  was  its  wastefulness.  At  1250°  the  consump- 
tion of  electrical  energy  was  equivalent  to  1200  watts.  A  lit- 
tle above  this  temperature  the  sheet-iron  casing  burned  out 
and  was  replaced  by  one  of  baked  fire-clay,  provision  being 
made  for  an  air  space  between  it  and  the  furnace  proper. 
The  furnace  behaved  somewhat  better  thereafter,  both  in  re- 
spect to  the  time  required  to  reach  a  constant  temperature 
and  the  amount  of  current  necessary  to  maintain  it.  But  the 
improvement  was  not  sufficient  to  justify  its  employment  for 
our  purposes  and  it  was  discarded. 

The  defects  of  the  abandoned  furnace  were  due  to  the  faulty 
principles  on  which  it  was  constructed — to  the  burial  of  the 
wires  within  the  walls  of  the  space  to  be  heated,  and  to  the 
absence  of  vacant  enclosed  spaces  between  it  and  the  outer 
air.  In  the  furnace  about  to  be  described  these  faults  are 
avoided.  The  furnace  represented  by  the  accompanying  fig- 
ures is  not  that  which  is  employed  by  us  as  a  kiln  for  the 
burning  of  clay  vessels,  but  is  one  which  was  designed  for 
the  fusion  of  materials,  e.  g.,  silicates,  in  crucibles.  It,  how- 
ever, does  not  differ  from  the  kiln  except  in  respect  to  dimen- 
sions and  the  fact  that  in  the  kiln — owing  to  its  larger  size — 
two  wires  in  parallel  are  employed,  while  in  the  smaller  in- 
strument a  single  wire  suflBces,  or,  if  two  are  present,  they  are 
generally  used  in  series. 

The  furnace  proper  is  represented  by  Fig.  I.  The  three 
hard-burned  perforated  clay  rings,  a,  b,  and  c,  are  held  in 
place  by  three  platinum  rods  made  from  No.  16  wire  (B  &  S 
gauge).  The  ends  of  these  rods  are  threaded,  and  each  end 
is  provided  with- two  small  platinum  nuts,  between  which  the 
rings  a  and  c  are  firmly  fastened.  The  purpose  of  the  ring  b 
is  to  keep  the  crucible  from  coming  in  contact  with  the  plati- 
num wires.  It  is  adjustable  up  or  down,  but  may  be  fixed  in 
any  desired  position  by  twisting  short  pieces  of  wire  about  the 
rods.  The  internal  diameters  of  b  and  c  are  equal,  while  that 
of  a  is  smaller  in  order  to  furnish  a  rest  for  the  crucible  sup- 
port. Each  ring  is  provided  with  60  perforations,  in  two  rows 
of  30  each,  through  which  the  wire  (No.  26  B  &  S  gauge)  is 
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woven  up  and  down  in  the  manner  shown  in  the  figure.     The 
inner  row  of  wires  also  crosses  from  side  to  side  under  a.     The 


Fig.  I. 


total  height  of  the  furnace  as  represented  in  Fig.  I.  is  80  mm. 
and  the  total  length  of  the  wire  is  16  feet.  The  platinum  rods 
serve  two  important  purposes.  They  support  the  whole 
weight  of  the  furnace  and  its  contents  and  thus  prevent  any- 
stretching  of  the  wires  while  hot,  and,  having  at  all  times 
about  the  same  temperature  as  the  wires,  they  keep  them  per- 
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iectly  straight  and  thus  prevent  any  danger  of  short  circuits 
through  contact  of  adjacent  strands. 

The  furnace  as  represented  in  Fig.  I.  is  surrounded  by  the 


Fig.  II. 


clay  cylinder  d,  as  shown  in  Fig.  II.,  the  ring  c.  Fig.  I.,  rest- 
ing upon  the  upper  edge  of  d.  The  cylinder  d  is  provided 
•with  the  perforated  cover  e  and  the  bottom  y,  which  rests  upon 
the  three  truncated  clay  cones,  g.  The  perforation  in  e  serves 
for  the  introduction  of  a  thermometer  or  pyrometer. 
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Fig.   III.   represents  a  cylinder,  h,  of  larger  dimensions, 


Fig.  III. 

which  surrounds  d.     It  is  also  furnished  with  a  perforated 
cover,  z,  a  bottom,/,  and  the  supports  k. 

The  complete  furnace  is  shown  in  Fig.  IV.,  in  which  /  is  a 
L^e  Chatelier  pyrometer,  m  a  galvanized  iron  cylinder  with 
cover — both  of  which  are  lined  and  covered  with  asbestos 
paper,  n  a  series  of  asbestos  boards  with  ventilating  spaces 
between  them,  o  a  block  of  soapstone,  and^  a  board  on  which 
the  whole  arrangement  rests  and  can  be  moved  without  dis- 
turbing any  of  the  parts,  q  and  r  are  firmly  fixed  steel  rods 
which  serve  to  connect  the  wires  coming  from  the  furnace 
with  the  external  circuit  and  to  protect  the  former  from  in- 
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jury  through  strains  of  any  kind.  s,s  are  short  pieces  of  pipe 
stem  which  keep  the  platinum  wires  from  contact  with  the 
netallic  cylinder  m.  The  crucible  support  /  is  made  as 
light  and  open  as  possible,  coming  in  contact  with  the  cruci- 
ble at  three  points  only. 

The  material  which  was  used  in  making  the  clay  parts  of 
the  furnace  was  a  mixture  of  equal  portions  by  weight  of  a 
fire-clay  from  Mt.  Savage,  Md.,  and  a  clay  from  Edgar,  Fla. 
Neither  of  these  materials,  taken  alone,  was  suitable  for  the 
purpose.  The  fire-clay  was  lacking  in  adhesive  qualities  and 
crumbled  easily  after  baking,  unless  heated  to  a  very  high 
temperature,  while  articles  made  of  the  clay  from  Florida 
exhibited  a  tendency  to  crack,  both  during  the  air-drying  and 
the  baking  periods.  The  mixture  of  the  two  was  easily 
formed  and  the  moulded  pieces  were  quite  free  from  a  ten- 
dency to  crack,  either  while  drying  in  the  air  or  during  the 
burning  process.  The  burned  products  were  very  tough  and 
remained  porous  at  high  temperatures,  and  therefore  showed 
little  tendency  to  stick  to  the  platinum  wires.  The  clay  from 
Florida  had  already  been  washed  in  the  manner  usual  in  pre- 
paring such  material  for  the  potteries.  The  coarser  matter 
in  the  fire-clay  was  removed  by  sifting,  and  the  two  clays  were 
thoroughly  mixed  by  passing  them  repeatedly  through  a  fine 
sieve.  The  smaller  articles — the  rings  and  the  inner  cylin- 
ders with  their  covers — were  burned  in  the  laboratory  in  a 
Seger  experimental  furnace,  while  the  larger  outer  cylinders 
were  burned  for  us  at  the  pottery  of  D.  F.  Haynes  &  Son,  to 
whom  we  are  indebted  for  many  other  courtesies  during  the 
course  of  our  work. 

Since  any  one  who  wishes  to  reproduce  this  furnace  or  to 
provide  himself  with  a  similar  one  will  probably  have  to  act 
as  his  own  potter,  it  may  be  of  service  to  enter  somewhat  into 
mechanical  details.  The  making  of  the  perforated  rings,  a, 
b,  and  c,  is  the  most  troublesome  part  of  the  task  though  it 
presents  no  very  great  difiiculties. 

In  the  hard  wood  block  a,  Fig.  V.,  a  cavity  is  turned  on  the 
lathe  which  has  the  form  and  dimensions  of  the  ring  c  when 
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first  molded — allowance  having  been  made,  of  course,  for 
the  shrinkage  of  the  clay  in  burning.  The  holes  for  the  two 
rows  of  wires  and  the  three  posts  are  then  bored  and  into  each 
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Fig.  V. 

hole  is  inserted  a  closel}'  fitting  steel  rod  h — pieces  of  small 
knitting  needles  being  used  for  the  purpose.  The  cavity  is 
filled  with  plaster  of  Paris,  giving  the  piece  c  upon  which  in 
turn,  with  the  rods   in  place,  the  plaster  cast  a.  Fig.  VI.,  is 


Fig.  VI. 

made.  The  pieces  b  and  c,  Fig.  VI.,  are  of  hard  wood  and 
are  turned  to  correct  form  and  dimensions  on  the  lathe.  The 
parts  a  and  b  are  fastened  together  by  the  bolts  d,d.  When 
the  ring  e  is  to  be  made,  the  clay  is  moulded  into  its  place  \vt 
a,  b  is  bolted  to  a,  and  c  is  crowded  into  position.  The  per- 
forations in  the  ring  are  then  made  by  pushing  the  needles 
through   the  holes  in   a.     Finally,  the   excess  of   the  clay^ 
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which,  by  the  procedure  described,  has  all  been  crowded  into 
the  cavity/,  is  trimmed  away,  leaving  the  inside  of  the  ring 
round  and  smooth.  The  description  here  given  relates  to  the 
tipper  ring  c,  Fig,  I.  The  middle  and  bottom  rings  are  made 
in  a  similar  manner  and  the  process  need  not,  therefore,  be 
explained. 

Fig.  VII.  represents  the  form  of  mold  in  which  the  cylin- 


Fig.  VII. 


ders  d  and  A,  Figs.  II.  and  III.,  are  made,  a  is  a  circular 
hard  wood  core  whose  external  diameter  is  equal  to  the  inter- 
nal diameter  of  the  clay  cylinder,  except  at  the  ends,  where  it 
is  equal  to  the  external  diameter  of  the  cylinder.  ^  is  a  ring 
which  may  be  removed.  The  core  a  is  tapered  slightly  toward 
the  end  having  the  ring  in  order  to  facilitate  its  withdrawal  after 
molding  the  clay,  c  and  c  are  the  two  halves  of  a  plaster  of 
Paris  mold  which  are  held  together  by  the  bolts  d,d.  The  wet 
clay  is  rolled  out  flat  and  to  the  right  thickness,  cut  to  shape, 
and  wrapped  about  the  wooden  core  which  has  previously 
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been  covered  with  oil  to  prevent  sticking.  In  order  to  perfect 
the  outside  of  the  cylinder,  the  core  with  the  clay  on  it  is 
rolled  along  the  table  top  and  then  placed  in  the  plaster 
mold.  As  soon  as  the  clay  becomes  suflBciently  stiff,  the  core 
is  withdrawn. 

Fig.  VIII.  represents  the  arrangement  for  making  the  tops 


Fig.  VIII. 


and  the  bottoms  of  the  cylinders,  a  is  a  hard  wood  block,  b 
is  a  block  of  plaster  of  Paris  which  has  been  cast  about  a 
model  of  a  top  or  bottom,  and  ^  is  a  cork  borer  which  is  used 
to  cut  a  hole  when  a  top  is  to  be  made. 

The  wiring  of  the  furnace  is  accomplished  in  the  following 
manner :  The  wire  is  straightened  out  and  fastened  at  the 
two  ends.  A  current  is  then  sent  through  it  until  it  glows 
throughout  its  entire  length.  Or,  with  the  wire  in  one  hand 
and  a  lamp  in  the  other,  it  is  heated  to  redness,  section  by 
section,  from  end  to  end.  Either  process  will  remove  a  ten- 
dency on  the  part  of  the  wire  to  wind  up  or  twist,  but  the  first 
is  the  better  method  because  a  wire  which  has  been  treated  in 
the  second  way  will  exhibit  irregular  resistance,  owing  to  un- 
equal stretching  of  the  different  parts  while  hot.  After 
threading  the  wire  through  the  three  holes  belonging  to  each 
vertical  strand,  the  strand  is  heated  to  redness  with  the  flame 
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of  the  lamp  or,  better,  by  means  of  an  electric  current,  and 
while  the  wire  is  hot  and  under  a  slight  strain  it  is  fastened 
in  place  by  inserting  a  steel  pin  in  the  last  hole,  which  must 
not  be  removed  until  after  the  succeeding  strand  has  been 
finished  in  the  same  manner.  If  a  little  pains  is  taken  in 
these  matters,  every  strand  will  be  perfectly  straight  and  the 
furnace,  when  finished,  will  present  a  neat  and  satisfactory 
appearance. 

The  first  step  to  be  taken  with  the  completed  furnace  is  to 
calibrate  it,  that  is,  to  determine  its  resistance  for  every  tem- 
perature up  to  the  limit  to  which  it  is  afterwards  to  be  heated, 
for  it  will  then  be  feasible  at  all  times,  without  the  aid  of  a 
pyrometer,  to  maintain  in  it  with  certainty  any  desired  tem- 
perature or  to  ascertain  at  any  time  what  the  temperature  in 
it  is.  The  furnace,  in  fact,  becomes  by  virtue  of  such  a  cali- 
bration a  resistance  pyrometer. 

For  the  calibration  of  the  kilns  used  in  the  baking  of  cells 
and  of  the  laboratory  furnace  just  described  we  had  at  our 
disposal  mercury  thermometers  registering  to  550*^,  a  Le  Cha- 
telier  platinum  platinum- rhodium  pyrometer,  and  a  Keiser- 
Schmidtdecimillivoltmeter,  all  of  which  had  been  tested  at  the 
German  Physikalisch-Technische  Reichsanstalt.  We  give 
below  in  tabular  form  the  data  for  the  crucible  furnace  up  to  967°. 
The  calibration  was  not  carried  higher  because  the  tempera- 
ture 950°  is  sufficient  for  any  ordinary  crucible  work.  The 
temperatures  given  are  probably  correct  to  within  5°  or  less. 
The  voltmeter  which  was  used  to  measure  the  electromotive 
force  developed  at  the  junction  of  the  platinum  and  platinum- 
rhodium  wires  is  furnished  with  two  scales,  one  in  which  each 
division  has  the  value  of  a  decimillivolt,  and  another  in  which 
a  division  corresponds  to  20°  of  temperature.  Unfortunately 
the  needle  of  this  instrument  is  unnecessarily  thick  and 
clumsy  near  the  free  end,  making  possible  some  errors  of 
parallax  in  reading.  These,  however,  could  not  amount  to 
more  than  one-fourth  of  a  division  on  either  scale.  The  am- 
meters and  voltmeters  used  in  measuring  the  current  were  of 
the  best  Weston  types. 
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Current. 

Voltage.            Resistance. 

Watts. 

Temperature 

25 

33-7             ^ 

[3-48 

84.25 

383° 

2 

6 

36.0             ] 

[3.846 

93.60 

407° 

2 

7 

38.5             ] 

[4.259 

106.38 

434° 

2 

8 

41.0             ] 

[4.671 

114.80 

463° 

2 

9 

43-6 

C5.034 

126.44 

488* 

3 

0 

47-4 

[5.80 

142.20 

526" 

3 

I 

50.2              ] 

t6.i93 

155.^-2 

558° 

3 

2 

52-7 

[6.468 

168.72 

587° 

3 

3 

55-3 

16.757 

182.49 

615° 

3 

4 

58.3 

17.147 

198.22 

640* 

3 

5 

61.2 

17.486 

214.20 

663° 

3 

6 

64.3 

17.861 

231.48 

690* 

3 

7 

66.9 

[8,081 

247-53 

710" 

3 

8 

70.1 

[8.447 

266.38 

741° 

3 

9 

73-3 

18.795 

285.87 

766° 

4 

0 

76.3 

19.075 

305.20 

793° 

4 

I 

79-5 

[9.390 

325.55 

^'< 

4 

2 

82.5 

[9,643 

338.25 

840* 

4 

3 

85.3 

19-837 

366.79 

867" 

4 

4 

88.7            : 

20.159 

390.28 

888° 

4 

5 

92.0             : 

20.444 

414.00 

914° 

4 

6 

95.0             : 

20.652 

437.00 

940° 

4 

7 

98.0             : 

20.851 

460.60 

967" 

It  will  be  readily  understood  that  an  accurately  calibrated 
resistance  furnace  is  theoretically  an  admirable  instrument  for 
the  study  of  reactions  at  high  temperatures,  for,  if  external 
■conditions  are  constant,  it  will  always  require  the  same  amount 
of  electrical  energy  to  maintain  any  given  temperature  in  the 
empty  furnace,  or,  what  is  the  same  thing,  a  given  amount  of 
electrical  energy  is  bound  to  maintain  in  it  always  a  certain 
fixed  temperature.  If  now  any  reaction  involving  the  disap- 
pearance or  evolution  of  heat  takes  place  within  the  heated 
space,  the  amount  of  electrical  entrgy  required  to  maintain 
the  temperature  at  which  it  takes  place  will  be  increased  or 
diminished,  according  as  the  reaction  is  endothermic  or  ex- 
othermic, and  the  difference,  if  it  can  be  ascertained,  will 
serve  as  a  measure  of  the  heat  energy  of  the  reaction. 

There  is  little  difficulty  in  discovering  at  what  tempera- 
tures reactions  involving  any  considerable  heat  effects  take 
place  in  an  electric  furnace.     In  baking  our  cells,  for  example, 
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while  the  water  is  being  expelled  from  the  clay  the  amount  of 
current  required  to  maintain  a  given  temperature  is  very 
noticeably  larger  than  that  required  to  maintain  the  same 
temperature  in  the  empty  kiln,  showing  that  a  reaction  in- 
volving the  loss  of  heat  is  going  on  within.  Again,  when  a 
fusible  substance  is  heated  in  the  furnace  and  the  temperature 
of  fusion  is  reached,  there  is  noticed  an  increase  in  the  flow  of 
the  current  without  any  corresponding  increase  in  the  resis- 
tance of  the  platinum  wire,  i.  e.,  in  the  temperature  of  the 
furnace.  The  increased  flow  of  current  continues  for  a  time 
and  then  diminishes  to  its  original  volume,  showing  that  the 
fusion  is  finished.  If  the  furnace  has  been  calibrated,  a  de- 
termination of  its  resistance  during  the  time  of  the  increased 
flow  of  current  will  give  the  melting-point  of  the  substance. 
In  this  way  we  found  the  fusing-point  of  sodium  carbonate  to 
be  between  860°  and  863°.  The  exact  time  of  fusion  may 
also  be  ascertained  by  arranging  to  have  the  sinking  of  a 
platinum  weight  into  the  softened  material  either  close  or 
break  a  circuit  in  which  there  is  a  sensitive  ammeter. 

In  order  that  the  results  of  the  study  of  reactions  by  means 
of  the  electric  furnace  may  have  a  high  degree  of  precision, 
certain  difl&culties  must  be  overcome.  The  principal  one  of 
these  is  the  length  of  time  required  to  establish  equilibrium 
between  the  temperature  within  the  furnace  and  that  of  the 
external  air.  During  the  calibration  of  the  furnace  under 
consideration,  we  raised  the  current  each  timebyo.  i  ampere, 
which  gave  an  average  rise  of  temperature  of  about  26°. 4  for 
each  increase  of  current,  the  minimum  being  20°  and  the 
maximum  38°.  Usually  about  one-half  of  the  rise  occurred 
within  the  first  five  minutes,  while  the  remainder  occupied 
from  fifty  to  sixty  minutes  with  a  gradually  decreasing  rate, 
which  finally  became  very  slow. 

The  tardiness  of  this  adjustment  between  internal  and  ex- 
ternal temperature  conditions — despite  the  favorable  location 
of  the  wires  with  respect  to  the  space  heated  and  the  double 
enclosed  air  spaces  surrounding  it — lessens  the  precision  of 
the  results  when  the  furnace  is  employed  to  determine  fusing- 
points  and  to  ascertain  the  temperatures  at  which  reactions 
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(loss  of  water,  etc.)  occur,  and  a  remedy  is  called  for.  The 
most  promising  remedy  which  suggested  itself  was  to  cover 
the  exterior  of  the  furnace,  where  it  is  in  contact  with  the 
outer  air,  with  some  substance  which  conducts  electricity, 
but  whose  conductivity  increases  with  rise  in  temperature, 
and  to  divide  the  circuit  so  that  while  the  major  portion  of 
the  current  passes  through  the  furnace,  another  portion  passes 
over  and  heats  the  surface  in  contact  with  the  air.  The  effect 
of  such  an  arrangement  would  be  to  compensate  automatically 
for  the  increased  loss  of  heat  to  the  outer  air  which  attends 
any  rise  in  the  temperature  of  the  furnace,  for  as  the  temper- 
ature rises,  the  conductivity  of  the  circuit  through  the  furnace 
would  diminish,  while  that  of  the  outer  circuit  woi.ld  increase 
and  a  larger  proportion  of  the  total  current  would  therefore 
take  the  latter  course. 

Since  graphite  is  a  substance  which  not  only  conducts  elec- 
tricity, but  one  whose  conductivity  increases  with  rise  in  tem- 
perature, it  seemed  likely  to  be  of  service  in  our  scheme,  and 
we  began  to  test  the  suitability  for  heating  purposes  of  sur- 
faces covered  with  that  material.  One  result  of  this  work  has 
been  the  construction  of  a  number  of  air-baths  for  general  use 
in  the  laboratory,  some  of  which  we  will  here  describe. 

Soapstone  is  undoubtedly  the  best  of  all  available  materials 
on  which  to  spread  the  graphite  for  heating  purposes.  It  is 
easily  cut  to  any  desired  form,  its  surface  can  be  made  very 
smooth,  which  is  essential  to  the  best  results,  and,  above  all, 
it  withstands  better  than  any  other  non-conducting  material 
great  and  sudden  changes  of  temperature. 

We  take  pleasure  in  acknowledging  here  our  indebtedness 
to  the  Alberene  Stone  Company,  which  provided  us,  free  of 
expense  to  ourselves,  with  an  abundance  of  this  material,  and 
also  to  the  Joseph  Dixon  Crucible  Company,  which  pre- 
sented us  with  liberal  quantities  of  different  varieties  of  spe- 
cially prepared  graphite. 

Figs.  IX.  and  X.  represent  two  forms  of  graphite  stoves  for 
ordinary  hot-air  baths,  a.  Fig.  IX.,  is  a  soapstone  block  of 
convenient  size  for  the  usual  rectangular  copper  hot-air  bath. 
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It  is  seen  iu  place  in  Fig.  XI.  b,b,b,b  are  strips  of  iron  which 
are  bolted  to  the  block  at  the  ends,  the  central  bolt  at  each 
end  serving  for  the  attachment  of  the  wires  of  the  circuit. 


Fig.  IX. 


Fig.  X. 


The  corner  bolts,  which  are  longer  than  the  others,  are  cov- 
ered by  the  soapstone  pieces  c,c,c,c.  On  these  rests  the  per- 
forated metallic  shelf,  as  seen  in  Fig.  XI. 

Fig.  X.  represents  another  arrangement  for  heating  the 
same  bath,  which  has  the  advantage  that  the  surfaces  on 
which  the  heat  is  generated  are  vertical.  a,a,a,a  are  narrow 
strips  of  soapstone  of  such  dimensions  that  when  bolted  to- 
gether by  twos,  as  shown  in  the  figure,  three  pairs  of  them 
can  rest  on  the  bottom  of  the  bath,  leaving  room  between  the 


io8 


Morse  and  Frazer. 


ends  for  the  insertion  of  mica  plates  to  prevent  electrical  con- 
tact. Bach  end  of  every  soapstone  strip  is  provided  with  two 
iron  plates  which  are  bolted  to  the  stone  in  the  manner  shown. 
Two  strips,  thus  furnished,  are  fastened  together  by  the 
longer  bolts  b,b,  which  are  also  utilized  for  the  attachment  of 
wires. 

Fig.   XI.  represents  the  arrangement  as  a  whole.     ^  is  a 


Fig.  XI. 


copper-bath  of  the  usual  form,  having  a  mica  window  in  its 
door.  The  stove  a,  which  may  be  of  either  of  the  forms  rep- 
resented in  Figs.  IX.  arid  X.,  rests  on  the  soapstone  strips  c,c. 
The  inner  vertical  walls  of  the  copper  bath  may  be  lined  to 
advantage  with  thin  asbestos  board,  but  in  that  case  it  is 
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well  to  cover  the  exposed  surface  of  the  board  with  alumin- 
ium paint,  which  will  prevent  the  lodgment  of  dust  and  the 
shedding  of  particles  of  asbestos.  The  wires  of  the  stove  pass 
horizontally  through  the  sides  of  the  copper  bath  and  the 
outer  compartment  to  the  exterior  of  the  wooden  box  which 
encloses  the  whole,  where  each  wire  terminates  in  a  binding 
post  screwed  into  the  box.  Where  the  wires  pass  through  the 
copper  walls  they  are  prevented  from  coming  in  contact  with 
the  metal  by  short  pieces  of  clay  pipe  stem.  When  a  stove 
such  as  is  shown  in  Fig.  X.  is  used,  each  of  the  three  pairs  of 
plates  is  provided  with  independent  wires  and  binding  posts, 
any  required  combinations  of  the  individual  pairs  in  parallel 
or  series  being  made  more  conveniently  on  the  outside  than 
on  the  inside  of  the  bath,  a?  is  a  diminutive  electric  lamp  of 
small  voltage,  which  serves  to  illuminate  the  scales  of  the 
thermometers.  The  current  for  it  comes  through  a  shunt 
from  the  stove,  and  a  switch  is  fastened  to  the  outside  of  the 
box  for  the  purpose  of  closing  and  breaking  the  lamp  circuit. 
The  voltage  of  the  lamp  must  be  suited,  of  course,  to  the  fall 
in  potential  of  the  stove.  The  interior  of  the  wooden  box 
is  lined  on  all  sides,  except  the  front,  with  asbestos  board  in 
such  a  manner  as  to  leave  confined  air  spaces  between  the 
asbestos  and  the  wood.  The  surface  of  the  lining  boards  is 
also  covered  with  aluminium  paint,  /is  a  closely  fitting  shelf 
of  asbestos  board  (also  painted),  which  rests  upon  the  copper 
bath  and  is  supported  at  the  ends.  ^  is  a  door  which  slides 
in  grooves  in  the  wooden  box.  It  contains  two  mica  windows 
and  is  made  from  asbestos  board. 

The  shelf/ divides  the  interior  of  the  box  into  two  com- 
partments whose  temperatures  will  differ  quite  widely  from 
each  other  and  from  the  temperature  which  is  maintained 
within  the  copper  bath.  This  difference  can,  however,  be 
diminished,  if  desired,  b)'  replacing  /  by  a  more  or  less  open 
shelf  which  permits  circulation  of  air  between  the  upper  and 
lower  spaces.  Each  of  the  heated  compartments,  including 
the  copper  bath,  should  be  provided  with  two  properly  loca- 
ted ventilating  tubes  running  to  the  outside  of  the  wooden 
box.     Porcelain  insulating  tubes  are  well  adapted  for  this  pur- 
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pose.     They  may  be  closed  with  corks,  to  prevent  loss  of 
heat,  when  not  needed. 

Fig.  XII.  is  a  cross-section  of  a  furnace  used  by  the  authors 


Fig.  XII. 

for  heating  substances  enclosed  in  tubes  (Carius  tubes,  etc.). 
a  is  a  wooden  box  625  mm.  in  length,  which  is  so  lined  and 
covered  with  asbestos  board  as  to  give  the  closed  air  spaces 
designated  by  b.  r  is  a  porcelain  tube  having  the  length  of 
the  box  and  an  internal  diameter  of  30  mm.  The  space  d 
about  c  is  sufficient  to  accommodate  larger  tubes  when  re- 
quired to  do  so.  An  iron  tube  of  thin  wall  is  slipped  into  ^to 
aid  in  distributing  the  heat  and  to  prevent  injury  to  the  por- 
celain tube  when  explosions  occur.  Fig.  XIII.  shows  an  iron 
collar  which  is  fastened  to  each  end  of  the  porcelain 
tube  and  serves  for  the  attachment  of  the  wires. 

The  rubbing  of  ground,  dry  graphite  upon  the 
smooth  surface  of  soapstone  or  porcelain  does  not 
give  a  sufficiently  heavy  coating  of  the  material  to 
conduct  the  requisite  amount  of  current.  A  thicker  covering 
of  graphite  can  be  obtained  by  repeated  applications  of  it,  in 
a  wet  condition,  with  a  flat  camel's  hair  brush.  The  surface 
to  which  it  is  applied  must,  however,  be  hot  enough  to  evap- 
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orate  the  water  almost  instantaneously,  otherwise  the  deposit 
will  be  quite  uneven.  The  results  obtained  by  the  last 
method  are  nevertheless  unsatisfactory'.  The  material  lacks 
adhesiveness  and  when  an  attempt  is  made  to  harden  it  by 
polishing  with  a  stiff  brush,  much  of  the  graphite  is  detached 
and  the  surface  which  is  produced  is  easily  injured  by  hand- 
ling or  by  contact  with  other  objects. 

Better  results  are  secured  by  mixing  the  ground  graphite 
with  washed  and  bolted  clay  and  making  a  paste  of  the  mix- 
ture with  water.  But  the  best  results  have  been  obtained 
with  the  paste  form  of  a  well-known  stove  polish,'  and  we 
shall  describe  somewhat  in  detail  our  method  of  applying  it 
since  a  correct  procedure  in  this  matter  is  of  much  impor- 
tance. The  iron  plates  at  the  ends  of  the  soapstone  block 
(Fig.  IX.)  or  of  the  strips  (Fig.  X.)  are  removed,  and  their 
inner  surfaces,  and  also  those  portions  of  soapstone  which  are 
covered  by  the  plates,  are  evenly  spread  with  a  rather  thick 
layer  of  the  paste.  The  plates  are  then  replaced  and  bolted 
together.  The  block  or  strip  (connected  in  the  circuit  in 
which  there  is  also  an  ammeter)  is  placed  on  a  piece  of  as- 
bestos board  or  of  some  other  non  conducting  material,  which 
is  heated  by  a  lamp.  When  the  stone  is  hot  enough  to  evap- 
orate water  with  rapidity,  but  without  "sputtering,"  the 
paste,  much  thinned  with  water,  is  evenly  applied  with  a  flat 
camel's  hair  brush  whose  width  is  about  25  mm.  The  whole 
stone  should  be  covered  each  time,  but  the  brush  should  not 
pass  more  than  once  over  any  one  spot.  After  each  applica- 
tion, the  surface  is  vigorously  polished  with  a  stiff  tooth-brush. 

An  even  distribution  of  the  graphite  is  of  great  importance, 
for,  if  it  is  unevenly  distributed,  the  resistance  in  different 
regions  will  vary  and  more  heat  will  be  developed  at  some 
points  than  others.  The  result,  in  the  case  of  a  carelessly 
prepared  stove,  is  that  the  graphite  burns  out  in  certain  spots 
while  the  whole  amount  of  heat  developed  is  much  less  than 
the  surface  ought  to  bear  with  safety. 

As  soon  as  the  conductivity  of  the  graphite  covering  has 
increased  to  a  point  where  the  current  suffices  to  maintain  the 

1  The  "Rising  Sun." 
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proper  temperature  of  the  stove,  it  is  removed  from  the  asbes- 
tos board  and  the  surface  is  carefully  explored  with  the  volt- 
meter with  reference  to  the  uniformity  of  the  distribution  of 
resistance.  The  subsequent  applications  of  the  graphite  are 
regulated  with  a  view  to  securing  uniform  conductivity  over 
the  whole  surface,  that  is,  those  spots  which  are  found  by  the 
voltmeter  to  exhibit  a  higher  resistance  are  painted  more 
thickly  than  the  others.  With  care  and  a  little  experience,  it 
becomes  easy  to  prepare  in  a  short  time  a  stove  on  which  the 
graphite  is  very  evenly  distributed  and  so  j&rmly  adherent 
that  it  will  not  visibly  soil  the  fingers  in  handling.  As  the 
painting  proceeds,  the  surface  is  apt  to  become  so  hot  that  the 
water  is  evaporated  with  explosive  violence,  and  the  surface 
presents  a  spotted  appearance,  owing  to  an  uneven  spreading 
of  the  material.  When  this  occurs,  the  circuit  must  be 
broken  and  the  stone  allowed  to  cool  before  making  an  appli- 
cation. 

The  thickness  of  the  graphite  covering  should  be  regulated 
with  a  view  to  the  most  economical  expenditure  of  energy  in 
the  subsequent  use  of  the  stove,  in  other  words,  with  a  view 
to  dispensing  with  as  much  as  possible  of  the  external  resis- 
tance which  is  always  inserted  in  the  circuit  for  the  purpose 
of  regulating  the  temperature  of  the  bath.  In  this  connection, 
the  advantage  of  the  stove  represented  in  Fig.  X.  will  be 
seen.  It  consists,  as  has  already  been  stated,  of  three  sec- 
tions of  two  plates  each,  each  section  having  its  two  wires 
running  to  the  outside  of  the  wooden  box,  where  they  ter- 
minate in  binding  posts.  With  such  an  arrangement,  it  is 
easy,  as  a  rule,  to  make  a  combination  of  the  sections  which 
will  suit  the  voltage  of  the  current  which  is  to  be  used  and 
therefore  to  reduce  to  a  minimum  the  amount  of  external  re- 
sistance required  for  the  regulation  of  the  bath.  In  preparing 
the  stove  of  this  kind  which  we  have  in  use,  the  application 
of  the  graphite  to  each  strip  was  continued  until,  with  a  fall 
of  potential  of  50  volts,  it  conducted  one  ampere  of  current. 
The  temperature  of  the  stone  at  the  time  of  finishing  th-e  strips 
was  not  always  the  same,  so  that  the  resistance  at  any  given 


New  Electric  Furnace.  113 

temperature  varies  somewhat  from  strip  to  strip,  but  not  suffi- 
ciently to  lead  to  difficulties. 

It  is  important  for  users  of  graphite  baths  to  know  approxi- 
mately what  temperature  a  graphite  surface  will  bear  without 
injury.  It  is  unfortunate  that  an  admixture  of  clay  is  neces- 
sary in  order  to  improve  its  spreading  and  adhesive  qualities, 
for  the  clay  begins  to  lose  its  water  at  about  425°,  and  at  this 
point  a  change  in  the  resistance  of  the  material  occurs. 
Speaking  generally,  it  may  be  stated  that  the  temperature  of 
the  stove  itself  should  not  be  allowed  to  rise  above  400°. 
How  nearly  the  temperature  of  a  bath  may  be  made  to  ap- 
proach this  limit  will  depend,  of  course,  upon  the  volume  of 
the  space  to  be  heated  as  compared  with  the  area  of  the  heat- 
ing surface.  In  small  baths  we  have  succeeded  in  keeping  a 
constant  temperature  of  400°,  but  there  is  danger  that,  in  at- 
tempting to  reach  so  high  a  temperature  too  quickly,  the  clay 
will  become  overheated  and  lose  some  of  its  water.  We  have 
found  it  safe  and  practicable  with  properly  prepared  stoves 
having  a  suitable  area  of  heating  surface  to  maintain  in  a 
considerable  variety  of  baths  any  temperature  up  to  350°.  A 
somewhat  higher  temperature  maybe  maintained,  but  always 
at  some  risk  to  the  stove.  The  principal  danger  lies  in  using 
too  large  a  current  while  raising  the  temperature  of  the  bath. 

We  give  below  the  data  relating  to  some  of  the  baths  which 
we  have  in  use  in  order  that  a  judgment  may  be  formed  re- 
specting the  economical  advantage  of  using  electricity  rather 
than  gas  for  ordinary  laboratory  purposes. 

Bath  No.  I  was  like  that  shown  in  Fig.  XI.  The  stove 
was  of  the  kind  represented  in  Fig.  IX.  The  temperature  to 
which  the  bath  was  tested  was  250°,  which  is  as  high  as  a 
copper  bath  should  be  heated.  The  temperatures  given  in 
the  first  column  are  those  of  the  copper  bath,  while  those  in 
the  second  column  are  the  temperatures  of  the  upper  com- 
partment. The  third  column  gives  the  current ;  the  fourth, 
its  fall  of  potential  within  the  bath  ;  the  fifth,  the  number  of 
watts  consumed  ;  and  the  sixth,  the  number  of  hours  which  a 
kilowatt  will  maintain  the  temperatures  recorded  in  the  first 
and  second  columns. 
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Bath  No.  I. 


Tempera- 

Tempera- 

ture  in 

in  upper 

copper 

compart- 

Fall in 

Hours  per 

bath. 

ment. 

Current. 
Amperes. 

potential. 
Volts. 

Watts. 

kilowatt. 

1 00° 

48° 

1-73 

15-9 

27-5 

36.36 

125° 

58° 

2.10 

18.8 

39-48 

25-58 

150° 

65° 

2.50 

21.4 

53-50 

18.69 

175° 

72° 

2.77 

23.2 

64.26 

15-56 

200° 

85' 

3-16 

25-5 

80.58 

12.41 

225^ 

96° 

3-48 

27.0 

93-96 

10.75 

250° 

106° 

4.07 

29.2 

118.84 

8.41 

Bath  No.  2  differed  from  No.  i  onl}''  in  that  a  stove  of  the 
kind  represented  in  Fig.  X.  was  used.  It  was  tested  between 
150°  and  358°. 


Bath  No.  2. 

Tempera- 
ture in 

Tempera- 
ture in 

copper 
bath. 

upper  com- 
partment. 

Current. 
Amperes. 

Fall  in 

potential. 

Volts. 

Watts. 

Hours  per 
kilowatt. 

150° 

73°-o 

1.20 

40.3 

48.36 

20.67 

175° 

83°-5 

1-39 

44.5 

61.85 

16.10 

200° 

95°-o 

1. 61 

49-0 

78.89 

12.60 

225° 

104°. 5 

1.89 

51-5 

97-33 

10.20 

258° 

111°. 0 

2-53 

50.0 

126.50 

7.90 

The  cost  of  keeping  the  baths  Nos.  i  and  2  at  the  tempera- 
tures given  in  the  tables  is  very  small.  It  will  depend,  of 
course,  upon  the  price  paid  for  the  electricity,  but  even  at  the 
extreme  current  prices  per  kilowatt,  the  heating  of  such  baths 
by  electricity  is  more  economical  than  heating  them  by  gas. 
In  addition  to  the  cost  of  the  source  of  the  heat,  we  have  to 
consider,  in  a  problem  of  this  kind,  the  relative  destructive 
effects  of  the  two  methods  upon  the  copper-baths  ;  and,  here 
again,  there  is  a  considerable  advantage  in  favor  of  the  use  of 
electricity  rather  than  gas.  The  electricity  used  in  this  insti- 
tution is  produced  at  an  expense  of  2.5  cents  per  kilowatt. 
This  estimate  covers  interest  on  cost  of  plant,  an  allowance  of 
10  per  cent  for  deterioration  of  machinery  and  building, 
average  expense  of  current  repairs,  labor,  and  fuel.     At  2.5 
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cents  per  kilowatt,  the  cost  of  maintaining  bath  No.  i  for  a 
day  of  eight  hours  is  :  at  100",  0.55  cent  ;  at  125°,  0.78  cent ; 
at  150°,  1.07  cents  ;  at  175°,  1.29  cents;  at  200°,  1.61  cents; 
at  225°,  1.86  cents  ;  and  at  250°,  2.38  cents.  There  must  be 
added,  of  course,  the  losses  due  to  the  external  resistance 
which  is  inserted  in  the  circuit  for  purposes  of  control,  but 
these  need  not  be  large  if  the  conductivity  of  the  stoves  is  regu- 
lated with  reference  to  the  voltage  of  the  currents  which  must 
be  used. 

Where  electricity  is  employed  as  the  source  of  heat,  baths 
made  of  soapstone  would  be  more  serviceable  than  are  the 
copper  ones  in  ordinary  use.  The  former  would  be  more 
cleanly  and  durable  than  the  latter  and  could  be  heated  to 
higher  temperatures.  According  to  some  preliminary  esti- 
mates in  the  hands  of  the  authors,  the  first  cost  of  baths  of 
soapstone  would  be  only  slightly  greater  than  of  baths  of  cop- 
per. 

A  new  graphite  stove,  when  first  used  in  its  bath,  should 
be  made  to  maintain  for  several  hours  a  somewhat  higher 
temperature  than  the  highest  for  which  it  was  designed  before 
any  calibration  of  the  bath  is  undertaken.  The  resistance  at 
any  given  lower  temperature  is  thereafter  fairly  constant. 
In  any  subsequent  use  of  the  bath,  the  current  should  never 
be  allowed  to  exceed  that  which  was  employed  in  the  pre- 
liminary heating. 

Graphite,  in  quantities  sufl&cient  for  heating  by  the  current, 
may  be  made  to  adhere  to  a  smooth  surface  like  that  of  porce- 
lain or  soapstone  by  mixing  with  it  a  small  amount  of  soap, 
and  the  temperature  which  such  a  covering  will  sustain  with- 
out any  marked  alteration  of  conductivity  is  quite  surprising. 
A  quantity  of  finely  pulverized  electrotyping  graphite  was 
made  into  a  thick  paste  by  mixing  it  with  a  small  amount  of 
a  concentrated  solution  of  soap,  and  with  this  mixture,  a  por- 
celain tube,  for  use  in  the  bath  represented  in  Fig.  XII.,  was 
prepared.  The  data  obtained  in  testing  the  tube  are  given  in 
the  table  which  follows  : 
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Porcelain  Tube 

Fall  of  poten- 

Hours per 

iperature. 

Current. 
Amperes 

tial. 
Volts. 

Watts. 

kilowatt. 

150° 

1-54 

28.5 

43-89 

22.8 

175" 

1-74 

31-7 

55-66 

17.9 

200° 

1.96 

35-6 

69.77 

H-3 

225° 

2.07 

37-4 

77.42 

12.9 

250° 

2.34 

42  0 

98.28 

10.2 

275° 

2.59 

45 -o 

116.55 

8.6 

300° 

2.79 

49.2 

137-27 

7.3 

355° 

3-38 

55-3 

186.91 

5-3 

Conducting  surfaces  made  from  the  mixture  of  graphite 
with  soap  are  not  as  satisfactory  as  those  made  from  the  stove 
polish  we  have  used.  They  are  more  easily  iiijured  by 
scratching,  and  it  is  more  diflScult  to  secure  a  uniform  distri- 
bution of  the  former  than  of  the  latter  material. 

For  baths  in  which  higher  temperatures  are  to  be  kept  than 
can  safely  be  produced  by  a  graphite  stove,  we  employ  the 
arrangement  shown  in  Fig.  XIV.,  in  which  the  resistance  of 


Fig.  XIV. 

small  platinum  wire  is  utilized  to  generate  the  heat,  a  is  a 
soapstone  block  of  any  size  to  suit  the  dimensions  of  the  bath, 
with  bolts  near  two  opposite  sides,  which  serve  to  fix  the  coils 
in  their  places  and  for  the  attachment  of  the  wires  of  the  cir- 
cuit. Four  of  the  bolt  ends  are  covered  with  the  soapstone 
caps  b.  The  purpose  of  the  caps  will  be  made  apparent  by  an 
inspection  of  Fig.  XI.  The  length  and  size  of  the  platinum 
wire  are  made  to  suit  the  conditions  which  are  to  be  met — the 
size  of  the  bath,  the  temperature  to  which  it  is  to  be  heated,  the 
voltage  of  the  available  source  of  current,  etc.     In  the  fur- 
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nace  shown  in  the  figure,  the  wire  is  No.  32  (B  &  S  gauge) 
and  8  feet  long.  To  prepare  the  wire,  it  is  straightened, 
heated  to  redness  by  the  current,  and  then  wound  on  a 
threaded  steel  rod  of  the  proper  diameter.  Such  furnaces 
may,  of  course,  be  used  in  the  place  of  the  graphite  stoves  pre- 
viously described,  and  the  following  table  gives  the  data 
which  were  obtained  while  testing  one  of  them  in  a  bath  ar- 
ranged as  shown  in  Fig.  XI,,  except  that  the  shelf/ in  this 
case  was  perforated  so  as  to  permit  free  circulation  of  air  be- 
tween the  upper  and  lower  compartments: 

Bath  with  Platinum- wire  Stove. 


Temperature 

in  copper 

bath. 

Temperature 

in  upper 
compartment. 

Current. 
Amperes. 

Fall  of 
potential 
in  bath. 

Volts. 

Watts. 

Hours  per 
kilowatt. 

100° 

1.08 

28.5 

30.8 

30.5 

125° 
150° 

175° 

72° 
80° 
89° 

1.24 
1.4 

1.6 

34-9 
41.8 
51.0 

43.3 
58.5 
81.6 

23-1 
17. 1 
12.3 

200° 
225° 

110° 
125° 

1.77 
1.89 

598 
66.4 

105.9 
125.5 

9-5 
8.0 

250° 

144° 

2.0 

73-0 

146.0 

6.9 

Fig.  XV.  shows  a  bath  with  platinum  stove  which  was  con- 
structed for  the  purpose  of  heating  rather  large  vessels  to 
any  temperature  up  to  500°.  The  heating  coils  of  the  stove  a 
contain  about  16  feet  of  No.  26  platinum  wire  ;  ^  is  a  terra 
cotta  cylinder  like  those  used  in  chimneys  for  stove  pipes  ;  c 
is  a  sheet- iron  cylinder,  which  is  covered  inside  and  outside 
with  asbestos  paper  ;  d  and  d  are  covers  of  asbestos  board  ;  e 
is  a  terra  cotta  receptacle  such  as  is  used  for  flower  pots  ;  /  is 
sand  in  which  the  stove  and  the  lower  ends  of  b  and  c  are  em- 
bedded. The  dimensions  of  the  free  heated  space  within  the 
bath  are  250  and  175  mm.  For  the  sake  of  cleanliness  and  of 
improved  appearance,  <?,  c,  d,  and  the  outside  of  b  are  covered 
with  aluminium  paint.  With  temperatures  within  up  to  300° 
it  is  safe  to  surround  the  outer  cylinders  with  woolen  material, 
or  better,  with  a  thick  pad  made  of  hair.  When  higher  tem- 
peratures are  to  be  maintained,  we  employ,  in  place  of  the 
pad,  a  wooden  cylinder  with  an  internal  diameter  equal  to  the 
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extreme   width  of  the  base  <f,   and  cover  it  with  a  strip  of 


woolen  cloth.  A  test  of  this  bath  to  400°,  with  the  thermome- 
ter bulb  located  in  the  center  of  the  heated  space,  gave  the 
following  data : 
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iperature. 

Current. 
Amperes. 

Fall  of  potential. 
Volts. 

Watts. 

Hours  per  kilowatt. 

100° 

2.08 

20.7 

43.06 

23.22 

125° 

2.20 

23.0 

50.60 

19.76 

150' 

2.45 

28.0 

68.60 

14.58 

175° 

2.70 

32.3 

87.21 

11.47 

200° 

2.85 

35-7 

100.75 

9.92 

225° 

3-04 

40.8 

124.03 

8.06 

250° 

3-09 

43-0 

132.87 

7-53 

275° 

3-29 

48.5 

159-57 

6.27 

300° 

3-50 

53-5 

177-25 

5-64 

350° 

3-73 

61.0 

227-53 

4.40 

400° 

4-0 

68.0 

272.00 

3-67 

We  have  not  tested  the  bath  bej'ond  400°  except  to  deter- 
mine that,  with  a  current  pressure  of  no  volts,  its  tempera- 
ture rises  above  500°. 

Arrangements  like  that  just  described  are  an  effective  sub- 
stitute for  all  of  the  oil  and  paraffin  baths  which  give  so  much 
offense  in  the  laboratory,  and,  like  all  electrically  heated 
baths,  they  have  the  great  advantage  that,  with  a  current 
of  constant  voltage,  they  can  be  regulated  with  a  high  degree 
of  precision. 

The  foregoing  are  only  types  of  the  numerous  elecmcally 
heated  baths  which  we  have  devised  for  use  in  the  laboratory, 
but  they  will  suffice  to  illustrate  both  the  practicability  and 
the  economy  of  substituting  electricity  for  gas  in  many  labora- 
tory operations. 
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ON  PHENYLMALONIC  NITRILE. 
[preliminary  paper.] 

By  John  C.  Hessler. 

A  previous  paper,  entitled  "  On  Alkyl  Malonic  Nitrilesand 
Their  Derivatives,"  ^  described  the  preparation  and  proper- 
ties of  ethylmalonic  and  benzylmalonic  nitriles  and  their 
sodium  and  silver  salts.  A  study  of  the  decomposition  of 
these  salts  made  it  appear  very  probable  that  the  metal  is 
bound  to  nitrogen.     It  was  hoped  that  further  evidence  re- 

1  This  Journal,  32,  169. 
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garding  the  linking  of  the  metal  in  substances  of  this  class 
might  be  obtained  from  the  salts  of  phenylmalonic  nitrile, 
consequently  the  preparation  of  this  substance  was  attempted. 
Phenylmalonic  nitrile  was  made  from  phenylcyanacetamide, 
which,  in  turn,  was  prepared  from  phenylcyanacetic  ether. 

Preparation  of  Phenylcyanacetic  Ether. 

The  method  used  for  preparing  phenylcyanacetic  ether  was 
a  condensation  of  benzyl  cyanide  with  carbonic  acid  ethyl 
ester  by  means  of  sodium. 

The  carbonic  ether  was  made  from  Kahlbaum's  chlorcar- 
bonic  ether  and  alcoholic  sodium  ethylate.  It  boiled  at  125° 
C,  The  benzyl  cyanide  used  was  Kahlbaum's  preparation. 
It  boiled  at  226°  C. 

Ten  and  nine-tenths  grams  of  sodium,  in  wire  form,  were 
put  into  a  solution  of  56  grams  of  carbonic  ether  (one  gram- 
molecule)  in  350  cc.  of  absolute  ether.  There  was  only  a 
very  slight  action.  Then  56  grams  (the  theoretical  amount)  of 
benzyl  cyanide  were  added  in  several  portions.  Hydrogen 
began  to  escape  at  once,  and  the  sodium  was  colored  golden- 
yellow.  The  temperature  soon  rose  to  the  boiling-point  of 
the  ether ;  consequently  the  flask  was  kept  cool  (by  means  of 
running  water)  until  the  greater  part  of  the  sodium  had  gone 
into  solution.  The  mixture  was  then  allowed  to  stand  for 
about  twelve  hours.  The  reaction-product  separated  out  as  a 
yellow  solid.     The  supernatant  ether  was  brown. 

Dilute  sulphuric  acid  was  now  added,  and  the  yellow  solid 
went  into  solution.  The  ethereal  layer  was  separated, 
washed  with  water,  and  dried  over  calcium  chloride.  After 
the  distillation  of  the  ether  a  brown  oil  remained.  This  was 
distilled  at  reduced  pressure  (25  mm.)  with  the  following  re- 
sult: 

Fraction.  Temperature.  Weight. 

Grams. 

1  Up  to  115°  C.  3.0 

2  115°  to   150"  ID.  I 

3  150° to  170°  15.6 

4  170°  22.5 

5  ^170°  to  180°  19.8 
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Three  grams  of  tar  remained  in  the  distilling-fiask. 

A  redistillation  of  fractions  2  to  5,  inclusive,  gave  50  grams 
of  a  practically  colorless  oil  boiling  at  160°  to  170°  (chiefly  at 
164°  to  165°)  at  17.5  mm.  A  portion  was  specially  purified  for 
analysis,  and  proved  to  be  phenylcyanacetic  ether. 

I.  0.1778  gram  substance  gave  0.4561  gram  CO2  and  0.0969 
gram  H^O. 

II.  0.2494  gram  substance  gave  16.7  cc.  Nj  at  18". 5  C.  and 
741. 1  mm. 

Calculated  for  Found. 

CnHiiOsN.  I.  II. 

C  69.84  69.96  .... 

H  5.82  6.06  

N  7.41  ....  7.55 

The  formation  of  phenylcyanacetic  ether  is  probably  repre- 
sented by  the  equation 

CgHjCH.CN  -h  COCOC.HJ,  +  Na     — 

CN 

QHsC^       ONa  -f-  HOC.Hj  +  H. 

\0C,H, 

The  lower-boiling  fractions  (i  and  2)  consisted  chiefly  of 
carbonic  ether  and  benzyl  cyanide.  That  the  reaction  is  not 
complete  is  probably  due  to  the  fact  that  some  of  the  sodium 
reacts  with  the  alcohol  formed  in  the  condensation. 

Properties. — Phenylcyanacetic  ether  is  a  colorless  oil  insol- 
uble in  water,  but  readily  miscible  with  organic  solvents.  It 
boils  at  165°. 5  C.  at  20  mm.  At  the  ordinary  pressure  it 
boils  at  275°  C.  with  only  slight  decomposition.  The  specific 
gravity  of  the  substance  is  1.09  at  22°  C.  (Westphal). 

Phenylcyanacetic  ether  is  not  affected  by  cold,  dilute  acids, 
but  it  dissolves  readily  in  aqueous  alkalies.  If  the  alkaline 
solution  is  acidified  at  once  the  ester  may  be  recovered,  but 
after  standing  some  hours  it  is  saponified  to  phenylcyanacetic 
acid  {q.  v.').  The  ester  dissolves  readily  in  ammonia  solu- 
tion, giving,  after  some  time,  crystals  of  phenylcyanacet- 
amide. 
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Sodium  Salt  of  Phenylcyanacetic  Ether . — An  absolute  ethereal 
solution  of  phenylcyanacetic  ether  reacted  vigorously  with 
sodium,  forming  the  sodium  salt.  This  separated  as  a  white 
powder.  After  twenty-four  hours  it  was  filtered  off,  washed 
with  absolute  ether,  dried  for  five  minutes  on  a  clay  plate, 
and  then  in  vacuo  over  sulphuric  acid  and  caustic  potash. 
I.  0.2708  gram  substance  gave  0.0861  gram  Na2S0^. 

II.  0.3246  gram  substance  gave  0.106  gram  Na^SO^. 

Calculated  for  Found. 

CnHio02NNa.  I.  II. 

Na  10.9  10.3  10.58 

The  sodium  salt  of  phenylcyanacetic  ether  is  a  hygroscopic 
substance.  Its  dilute  alcoholic  solution  gives  a  white  precipi- 
tate with  silver  nitrate  solution,  but  the  precipitate  soon  turns 
black. 

Preparation  of  Phenylcyanacetamide . 

Phenylcyanacetic  ether  (42.2  grams)  was  treated  with  49 
grams  of  concentrated  ammonia  water.  The  ester  went  en- 
tirely into  solution,  and  the  mixture  became  warm  and  some- 
what colored.  After  several  hours  the  mixture  was  prac- 
tically solid.  The  crystals  of  the  amide  were  then  filtered  off, 
washed  with  water,  and  dried  on  a  clay  plate.  The  weight 
obtained  was  24.5  grams,  instead  of  35.7  grams,  the  theo- 
retical amount. 

Properties. — Recrystallized  from  absolute  alcohol,  the  amide 
melts  at  147"  C.  It  is  practically  insoluble  in  cold  water, 
very  difficultly  soluble  in  ether,  and  only  slightly  soluble  in 
cold  alcohol.  In  hot  absolute  alcohol  it  dissolves  readily, 
separating  from  the  cooled  solution  in  large  crystals. 

Phenylcyanacetamide  dissolves  readily  in  cold  10  per  cent 
caustic  soda  solution,  giving  off  ammonia.  The  sample  used 
for  analysis  was  recrystallized  from  absolute  alcohol  and  dried 
in  vacuo  over  sulphuric  acid. 

0-I55  gram  substance  gave  0.3841  gram  COj  and  0.0719 
gram  HjO. 
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C 

H 


Calculated  for 

CoHgONo. 

Found. 

67.5 

67.58 

50 

5-15 

Preparation  of  Phenylmalonic  Nitrile. 


Eiglit  grams  of  phenylcyanacetaraide  and  4.2  grams  of 
phosphorus  pentachloride  were  mixed  in  an  Anschiitz  flask. 
The  flask  was  exhausted  to  23  mm.  and  then  heated  to  120° 
to  125°  C.  in  a  metal-bath.  A  reaction  began  almost  at  once 
and  continued  for  about  ten  minutes.  When  the  mixture 
was  in  quiet  fusion,  the  temperature  of  the  bath  was  raised 
until  the  phenylmalonic  nitrile  distilled  over.  It  collected  in 
the  side  tube  of  the  flask  as  a  liquid,  but  soon  solidified.  The 
weight  of  the  crude  product  was  4.2  grams,  i.  e.,  about  60  per 
cent  of  the  theoretical  amount.  Much  tar  remained  in  the 
distilling-flask.  The  proportions  of  phenylcyanacetamide  and 
phosphorus  pentachloride  used  correspond  to  5  molecules  of 
the  amide  and  2  of  the  pentachloride.^ 

A  portion  of  the  phenylmalonic  nitrile  was  crystallized  from 
dilute  alcohol  and  dried  in  vacuo  over  sulphuric  acid.  It 
melted  at  68°  to  69°  C. 

I.  0.1524  gram  substance  gave  0.4224  gram  CO^  and  0.0652 
gram  H^O. 

II.  0.1273  gram  substance  gave  22.6  cc.  Nj  at  23°  C.  and 
751.2  mm. 

Found. 


Calculated  for 

C9H5N0. 

I. 

c 

76.06 

75-59 

H 

4.22 

4.75 

N 

19.72 



19.88 

Properties. — Phenylmalonic  nitrile  is  difficultly  soluble  in 
water  and  in  ligroin,  but  readily  soluble  in  alcohol  and  in 
ether.  It  crystallizes  from  dilute  alcohol  in  large,  white  crys- 
tals. It  crystallizes  well,  also,  from  a  mixture  of  ether  and 
ligroin  (40°  to  60°) .  From  the  fused  condition  phenylmalonic 
nitrile  crystallizes  in  hexagonal  plates.  The  substance  boils 
undecomposed  at  152°  to  153°  C.  at  21  mm. 

1  This  Journal,  22,  181  ;  Hesse  :  Ibid..  18,  726. 
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Actio7i  of  Alkalies  on  Phenylmalonic  Nitrile . 

Phenylmalonic  nitrile  is  not  readily  saponified,  even  by  con- 
centrated alkalies,  and  differs  greatly  in  this  respect  from 
benzylmalonic  nitrile/ 

Eight-tenths  gram  of  the  substance  was  dissolved  in  a  large 
excess  of  lo  per  cert  caustic  soda  solution  and  left  for  twenty- 
four  days.  An  excess  of  dilute  sulphuric  acid  was  then 
added  and  the  resulting  precipitate  of  phenylmalonic  nitrile 
was  filtered  off,  washed  with  water,  and  dried  on  a  clay  plate. 
The  substance  recovered  weighed  0.45  gram.  It  melted  at 
68°  C.  The  recovered  phenylmalonic  nitrile  was  then  heated 
to  boiling  with  10  per  cent  caustic  soda  for  ten  minutes.  Not 
a  trace  of  ammonia  was  evolved.  When  the  solution  was 
acidified  as  before,  0.38  gram  of  the  substance  was  recovered. 

Finally,  the  substance  (0.38  gram)  was  left  standing  with 
an  excess  of  alcoholic  caustic  potash  for  four  days,  and  the 
mixture  was  afterwards  heated  to  boiling  thirty  minutes  un- 
der a  reflux  condenser.  Water  and  sulphuric  acid  were  then 
added,  the  solution  was  extracted  with  ether,  and  the  ether 
extract  was  washed  with  water  and  dried  with  calcium  chlo- 
ride. When  the  ether  was  distilled  off,  0.3  gram  of  phenyl- 
malonic nitrile  was  recovered. 

Phenylmalonic  nitrile  is  soluble  in  aqueous  sodium  car- 
bonate, and  is  extracted  by  it  from  ether  solution.  Aqueous 
solutions  of  phenylmalonic  nitrile  give  precipitates  with  solu- 
tions of  copper  sulphate,  mercuric  chloride,  and  silver  nitrate. 

Sodium  Salt  of  Phenylmalo7iic  Nitrile. — Phen5dmalonic  ni- 
trile (3.8  grams)  was  dissolved  in  75  cc.  absolute  ether  and 
treated  with  0.8  gram  (an  excess)  of  sodium  in  wire  form. 
The  reaction  was  rather  slow,  but  was  accelerated  by  the  ad- 
dition of  I  drop  of  absolute  alcohol.  After  sixteen  hours  the 
unused  sodium  was  picked  out  and  the  precipitated  sodium 
salt  was  filtered  off,  washed  with  absolute  ether,  and  dried  in 
vacuo  over  sulphuric  acid.  The  yield  was  4  grams,  i.  e., 
about  90  per  cent  of  the  theoretical.  An  analysis  gave  the 
following  result : 

0-3055  gram  substance  gave  0.1347  gram  Na^SO^. 

1  This  Journal,  22,  181. 
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Calculated  for 
CsHsN.Na.  Found. 

Na  14.02  14.28 

The  sodium  salt  of  phenylmalonic  nitrile  is  white  when 
freshly  made,  but  when  left  over  sulphuric  acid  in  vacuo  for 
several  days  it  becomes  violet.  It  reacts  very  slowly,  if  at  all, 
with  methyl  and  ethyl  iodides  under  ordinary  conditions. 
The  aqueous  solution  of  the  sodium  salt  gives  back  phenyl- 
malonic nitrile  when  acidified.  The  aqueous  solution  also 
gives  precipitates  with  solutions  of  barium  chloride,  lead  ace- 
tate, copper  sulphate,  silver  nitrate,  and  mercuric  chloride. 

An  attempt  to  get  the  sodium  salt  from  benzene  solution  did 
not  succeed.  Five  grams  of  phenylmalonic  nitrile,  dissolved 
in  50  grams  of  benzene,  were  treated  with  1.5  grams  (an  ex- 
cess) of  sodium  wire,  and  left  for  four  months.  Practically  no 
action  took  place,  as  was  shown  by  the  fact  that  4.8  grams  of 
phenylmalonic  nitrile  were  recovered. 

Silver  Salt  of  Phenylmalonic  Nitrile. — All  attempts  to  pre- 
pare the  silver  salt  of  phenylmalonic  nitrile  have  failed,  owing 
to  its  instability.  This  fact  is  evident  from  the  following  ex- 
periments : 

Six  and  six-tenths  grams  of  phenylmalonic  nitrile  were  dis- 
solved in  200  cc.  of  50  per  cent  alcohol,  cooled  in  iced  water, 
and  treated  with  a  solution  of  7.9  grams  (i  molecule)  of  silver 
nitrate  in  50  per  cent  alcohol.  The  silver  salt  separated  out 
as  a  white,  bulky  precipitate,  but  in  a  few  minutes  it  became, 
first,  steel-blue  and  then  light-brown  in  color.  It  was  filtered 
off,  washed  with  water,  and  dried  on  a  clay  plate  and  in  vacuo 
over  sulphuric  acid.  The  weight  obtained  was  1 1  grams,  or 
practically  the  theoretical  amount.  When  the  product  was 
treated  with  ether  it  was  found  that  the  ether  extracted  or- 
ganic material.  Accordingly,  the  residue  was  heated  with 
ether  five  times  under  a  reflux  condenser.  The  residual  pow- 
der had  the  appearance  of  reduced  silver,  but  still  contained 
organic  material.  This  fact  was  shown  by  the  ignition  of  two 
samples,  after  they  had  been  dried  in  vacuo. 

I.  0.7406  gram  substance  gave  0.6351  gram  Ag,  or  85.75 
per  cent. 
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II.  0.5825  gram  substance  gave  0.4991  gram  Ag,  or  85.68 
per  cent. 

The  residue  was  then  extracted  four  times  more  with  boil- 
ing ether  and  dried  in  vacuo.  Ignition  of  a  sample  gave  the 
following  result : 

0.4273  gram  substance  gave  0.3788  gram  Ag,  or  88.65  per 
cent. 

During  every  ignition  the  solid  first  became  dark,  then  lost 
a  sharp  smelling,  red  vapor,  and  finally  became  coal-black. 
Heating  with  the  blast-lamp  for  a  long  time  was  necessary  to 
make  the  silver  residue  white. 

When  the  combined  ether  extracts  were  distillei,  a  gummy 
solid  remained.  This  turned  red  in  moist  air  and  in 
aqueous  solution.  When  dried  on  a  clay  plate  it  was  found 
to  be  amorphous  and  almost  white.  The  substance  was  dis- 
solved in  ether  and  the  solution  treated  with  ligroin  (40°  to 
60°).  A  portion  was  thus  precipitated.  When  it  had  been 
dried  in  vacuo  it  melted  at  147°  to  148°. 

A  second  attempt,  in  which  the  phenylmalonic  nitrile  was 
first  treated  with  the  theoretical  quantity  of  sodium  hydroxide, 
gave  the  same  general  results.  A  solution  of  1.42  grams  of 
phenylmalonic  nitrile  in  50  per  cent  alcohol  was  treated  with 
10  cc.  (the  theory)  of  normal  caustic  soda  solution  and  then 
with  1.7  grams  of  silver  nitrate  dissolved  in  dilute  alcohol. 
The  silver  salt  was  precipitated,  but  changed  as  before. 

0.3324  gram  substance  gave,  on  ignition,  0.1471  gram  Ag. 

Calculated  for 
CgHsNjAg.  Found. 

Ag  43-37  44-25 

The  high  percentage  of  silver  was  undoubtedly  due  to  the 
fact  that  some  of  the  organic  material  remained  in  solution  in 
the  dilute  alcohol. 

Boiling  ether  extracted  from  the  product  the  same  sub- 
stance as  was  formed  in  the  first  experiment.  When  this 
substance  was  precipitated  from  ethereal  solution  by  means  of 
ligroin  (40''  to  60°),  it  melted  as  before,  at  147°  to  148°. 

Two   carbon   and    hydrogen    determinations    of    different 
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preparations  of  the  substance  gave  practically  identical  results. 
A  nitrogen  determination  was  also  made. 

I.  0.0791  gram  substance  gave  0.2225  gram   CO^  and  0.027 
gram  H^O. 

II.  0.1602   gram    substance   gave   0.4504   gram   COj   and 
0.0541  gram  H3O. 

III.  0.1241  gram  substance  gave  21.4  cc.  N^  at  21°  C.  and 
755.8  mm. 


Calculated  for 

Found. 

C9H6N2. 

C9H5N2. 

I. 

II. 

c 

76.06 

76-59 

76.71 

76.68 

H 

4.22 

3-55 

3-79 

3-75 

N 

19.72 

19.86 



.... 

19.61 

The  substance  burned  with  difiBculty,  and  the  last  portions 
of  the  nitrogen  came  off  only  at  red  heat.  This  may  account 
for  the  fact  that  the  percentage  of  nitrogen  was  low. 

The  nature  of  all  the  substances  formed  when  silver  nitrate 
reacts  with  phenylmalonic  nitrile  is  being  investigated.  The 
body  melting  at  147°  to  148°  seems  to  be  only  one  of  several 
products. 

Phenylcyanacetic  Acid. 

Preparation. — Phenylcyanacetic  acid  was  prepared  by  the 
saponification  of  its  ethyl  ester.  The  ester  was  dissolved  in 
ether,  and  the  solution  was  shaken  with  sodium  hydroxide. 
After  the  alkaline  solution  had  stood  over  night  it  was  acidi- 
fied with  dilute  sulphuric  acid,  and  the  separated  acid  was 
extracted  with  ether.  There  was  obtained  an  almost  colorless 
oil,  which  solidified  on  cooling.  After  it  had  been  dried  on  a 
clay  plate  the  solid  melted  at  62°  to  65°. 

That  the  substance  was  phenylcyanacetic  acid  was  shown 
by  converting  it  into  its  silver  salt.  Some  of  the  crude  prod- 
uct was  dissolved  in  a  slight  excess  of  ammonia,  and  the  ex- 
cess was  removed  in  fa«^£>  over  sulphuric  acid.  A  solution  of 
silver  nitrate  (a  slight  excess)  was  then  added.  The  silver 
salt  separated  as  a  white,  curdy  precipitate,  which  soon  be- 
came granular.  A  silver  determination,  by  ignition,  gave  the 
following  result  : 

0.3191  gram  substance  gave  0.128  gram  Ag. 
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Calculated  for 
CoHoNOsAg.  Found. 

Ag  40.29  40.11 

Wh^n  the  crude  acid,  melting  at  62°  to  65°,  was  recrys- 
tallized  from  ether-ligroin,  the  melting-point  was  raised  about 
10°.  After  two  recrystallizations  from  hot  benzene  the  sub- 
stance was  dried  in  vacuo  over  sulphuric  acid.  It  then  melted 
sharply  at  92°  C. 

0.1663  gram  substance  gave  0.41  gram  COj  and  0.072  gram 
H,0. 


Calculated  for 

C9H7O2N. 

Found. 

c 

67.08 

67.24 

H 

4-35 

4.81 

Properties. — Phenylcyanacetic  acid  is  soluble  in  water, 
alcohol,  ether,  and  hot  benzene  :  insoluble  in  ligroin.  When 
heated  in  a  bath  at  150°  to  160°  it  decomposes,  giving  carbon 
dioxide  and  benzyl  cyanide. 

Action  of  Phenylmalonic  Nitrile  with  Methyl  loaide  and  Alco- 
holic Sodium  Ethylate. 

Phenylmethylcyanacetimido  Ethyl  Ester. — Two  grams  of 
phenylmalonic  nitrile  in  absolute  alcoholic  solution  were 
treated  with  0.32  gram  (i  atom)  of  sodium,  also  dissolved  in 
absolute  alcohol.  Three  grams  of  methyl  iodide  (1.5  mole- 
cules) were  then  added.  The  temperature  of  the  mixture 
rose  to  32°  C.  After  forty  minutes  the  alcohol  was  distilled 
off,  water  was  added,  and  the  separated  oil  was  extracted  with 
ether.  The  ether  solution  was  washed  with  sodium  hydroxide 
solution  and  with  water,  and  was  dried  with  calcium  chloride. 
Distillation  of  the  ether  left  a  colorless  oil,  which  was  distilled 
in  vacuo.     The  yield  was  2.4  grams,  or  practically  theoretical. 

An  analysis  gave  the  following  results  : 

I.  0.2075  gram  substance  gave  0.5428  gram  COjand  0.1304 
gram  H^O. 

II.  0.1947  gram  substance  gave  24.5  cc.  N,  at  18°  C.  and 
740.3  mm. 
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Calculated  for  Found. 

CioHuONo.  I.  II. 

C  71.29  71.34 

H  6.93  6.99  

N  13.86  ....  14.21 

The  imido  ether  is  a  faintly  aromatic  oil  boiling  at  152°  to 
153°  at  16  mm.  and  at  158°  to  159°  at  22  to  23  mm.  Its 
specific  gravity  is  very  nearly  1.06  at  23°  C.  The  substance 
is  insoluble  in  water,  but  dissolves  readily  in  alcohol  and  in 
ether.  The  alcoholic  solution  instantly  gives  a  precipitate  of 
ammonium  chloride  when  treated  with  concentrated  hydro- 
chloric acid. 

Action  of  Phenylmalonic  Nitrile  with  Benzyl  Chloride  and  Alco- 
holic Sodium,  Ethylate. 

Phenylbenzylmalonic  Nitrile. — Two  grams  of  phenylmalonic 
nitrile,  dissolved  in  absolute  alcohol,  were  treated  with  0.32 
gram  (i  atom)  of  sodium,  also  in  alcoholic  solution,  and  with 
2.5  grams  (an  excess)  of  benzyl  chloride.  The  temperature 
of  the  mixture  rose,  and  sodium  chloride  separated  out.  Af- 
ter the  mixture  had  been  heated  under  a  reflux  condenser  for 
thirty  minutes  the  alcohol  w^as  distilled  off  and  the  residue 
was  treated  with  water  and  extracted  with  ether.  The 
ethereal  solution  was  washed  with  caustic  soda  solution  and 
dried  with  calcium  chloride.  Evaporation  of  the  ether  left 
phenylbenzylmalonic  nitrile.  The  crude  substance  (3.5 
grams)  was  crystallized  from  ether-ligroin  and  from  absolute 
alcohol.     It  melted  in  each  case  at  97°  to  98°. 

0.17  gram  substance  gave  0.5154  gram  CO3  and  0.0841 
gram  H5O. 

Calculated  for 

CieHioNo-  Found. 

C  82.76  82.68 

H  5.17  5-49 

Phenylbenzylmalonic  nitrile  crystallizes  from  ether-ligroin 
in  long  needles  grouped  in  feathery  masses.  It  is  easily  solu- 
ble in  ether  and  in  alcohol,  but  practically  insoluble  in  ligroin 
and  in  water.  It  is  not  affected  by  aqueous  alkalies,  even  at 
100"  C. 
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Phenylbenzylcyanacetic  Ethyl  Ester. — Five  and  seven-tenths 
grams  of  phenylcyanacetic  ether,  in  20  cc.  of  absolute  alcohol, 
were  treated  with  0.7  gram  (i  atom)  of  sodium  in  25  cc.  of 
absolute  alcohol.  The  temperature  rose  and  the  mixture  be- 
came red.  Then  3.8  grams  (i  molecule)  of  benzyl  chloride 
were  added.  The  temperature  rose  still  more,  and  sodium 
chloride  separated  out  slowly.  The  mixture  was  heated  un- 
der a  reflux  condenser  for  three  hours,  the  sodium  chloride 
filtered  off,  and  the  alcoholic  solution  distilled.  There 
were  obtained  7.4  grams  of  an  oil  boiling  at  231°  to  233° 
at  32  mm.  and  at  216°  to  217°  at  16  mm.  An  analysis  re- 
sulted as  follows : 

I.  0.186  gram  substance  gave  0.5268  gram  CO.  and  0.1076 
gram  HjO. 

II.  0.5512  gram  substance  gave  24.4  cc.  N,  at  15". 5  C.  and 
757.5  mm. 

Calculated  for  Found. 

CigHnONj.  I.  II. 

C  77.42  77.24  

H  6.09  6.43  

N  5.02  5.17 

Phenylbenzylcyanacetic  ether  is  a  thick,  colorless  liquid 
having  the  sp.  gr.  1.13  at  22°  C.  In  a  freezing-mixture  and 
in  an  outside  room  at  winter  temperature  it  became  so  viscous 
that  it  could  not  be  poured,  but  it  would  not  crystallize.  The 
substance  is  insoluble  in  water  and  is  not  affected  b}'  aqueous 
alkalies. 

The  study  of  phenylmalonic  nitrile  and  its  derivatives  is 
being  continued  in  this  laboratory. 

Chicago,  January  25,  1904. 
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CXV.— RESEARCHES  ON  PYRIMIDINES.     SYNTHE- 
SIS OF  2-AMINO-5-METHYL-6-OXYPYRIMI- 
DINE. 

[sixth  paper.] 

By  Treat  B.  Johnson  and  Samuel  H.  Clapp. 

In  a  previous  paper  from   this  laboratory,  Wheeler   and 
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Johnson^  described  the  two  monoaminooxypyrimidines  which 
can  give  uracil  on  hydrolysis,  viz.,  2-aniinooxypyrimidine 
(Formula  I.).  and2-oxy-6-aminopyrimidineor  cytosine  (For- 
mula II.): 

NH— CO  N=C.NH, 

I  I  I  I 
H,NC         CH                                 OC         CH 

II  II  I  II 
N CH                                      NH— CH 

I.  II. 

In  a  similar  manner  the  two  monoaminomethylpyrimidines 
which  could  give  thymine  on  hydrolysis  are,  viz.,  2-oxy-6- 
amino-5-methylpyrimidine  (Formula  III.)  and  2-amino-6- 
oxy-5-methylpyrimidine  (Formula  IV.)  : 

N C.  NH,  NH  —  CO 

II  II 

OC  C.CH3  H,NC  C.CH3 

I           II                                          I!  II 

NH-CH  N CH 

III.  IV. 

Wheeler  and  Johnson^  in  a  recent  paper  have  described 
2-oxy-6-amino-5-methylpyrimidine  (Formula  III.)  and  have 
shown  that  it  is  more  or  less  readily  converted  into  thymine 
on  hydrolysis. 

We  will  describe  in  this  paper  the  second  monoamino- 
methylpyrimidine  (Formula  IV.),  which  theoretically  could 
give  thymine  on  hydrolysis,  viz.,  2-amino-5-methyl-6-oxy- 
pyrimidine.  We  have  synthesized  this  aminopyrimidine  by 
condensing  guanidine  with  the  sodium  salt  of  formylethyl- 
propionate.  We  have  not  only  been  able  to  obtain  the 
pyrimidine  base  which  we  desired,  but  have  also  succeeded 
in  isolating  intermediate  products  in  the  reaction.  These 
have  given  us  a  more  thorough  insight  into  the  mechanism  of 
these  pyrimidine  condensations. 

We  find,  namely,  that  in  this  condensation  there  are  three 
steps  in  the  reaction — first  a  condensation  of  guanidine  wnth 

1  This  Journal,  29, 492  (1903). 
^  Ibid.,  31,  592  (1904). 
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the  formyl  group  of  the  sodium  formylethylpropionate  giving 
an  acrylic  ester  (Formula  V.).  then  a  saponification  of  the 
acrylic  ester  to  the  free  acid  (Formula  VI.),  and  finally  a 
condensation  to  the  pyrimidine  with  loss  of  a  molecule  of 
water  : 


NH, 

COOC.Hj 

1 

a.N.c 

1 1 

+          C.CH3 

II 
NaOCH 

— 

NH 

NH, 

COOC.H^ 

1 

NH, 
1 

COOH 

NH- 

1 

-CO 

H,NC 

CH3            ►- 

H,NC 

CH3       — 

H3NC 

CH, 

II 

N — 

II 
-CH 

II 
N 

II 
-CH 

li 
N — 

-CH 

V.  VI. 

Under  the  conditions  by  which  we  worked  we  did  not  ob- 
serve the  formation  of  the  intermediate  guanidineacrylic  es- 
ter, but  have  evidence  of  its  existence  because  of  the  fact  that 
we  have  been  able  to  isolate  the  intermediate  guanidine- 
methylacrylic  acid.  Miiller^  has  described  two  substituted 
acrylic  acids  that  are  analogous  to  our  intermediate  acid. 
He  found  that  phenylurea  and  methylurea  readily  condensed 
with  oxalethylacetate,  giving  a  phenyluracilcarboxylic  ester 
and  methyluracilcarboxylic  ester.  By  dissolving  these  two 
esters  in  alkali  and  treating  with  strong  hydrochloric  acid 
they  were  decomposed  into  uramidoacrylic  acids  (Formulas 
VII.  and  VIII.)  : 

NH,    COOH  NH,    COOH 

II  II 

OC  CH  OC         CH 

I           II                                         I  II 

CgH^N CH  CH3N CH 

VII.  VIII. 

Behrend,'  in  his  synthesis  of  methyluracil  from  acetoacetic 
ester  and  urea,  was  able  to  isolate  an  intermediate  uramido- 
crotonic  ester,  but  was  unable  to  isolate  the  free  acid  from  its 

'  J.  pratt.  Chem.,  56,  475- 

'^  Ann.  Chem.  (I,iebig),  329,  8. 
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sodium  or  potassium  salt  on  account  of  the  ease  with  which  it 
condensed  to  the  pyrimidine. 

We,  furthermore,  have  made  the  interesting  observation 
that  our  intermediate  «-methyl-yi5-guanidineacrylic  acid  is 
capable  of  existing  in  two  isomeric  modifications.  One  acid 
melts  at  331°  to  332°  C.  with  violent  effervescence  ;  the  other 
at  318°  to  320"  C.  to  a  clear  oil.  Both  acids  can  be  converted 
by  treatment  with  alkali  into  the  2-amido-5-methyl-6-oxy- 
pyrimidine. 

It  appears  to  us  that  the  explanation  for  this  interesting 
case  of  isomerism  is  that  we  are  dealing  with  an  ethylene 
linking,  and  have  another  case  of  cis  and  trans  isomerism  : 

CHj— C— COOH  CH3— C— COOH 

II  II 

H— C— N=C(NH,),  (H,N),C=N— C— H 
IX.  X. 

Cis.  Trans. 

Wislicenus*  was  able  to  isolate  three  isomeric  modifications 
of  formylphenylethylacetate.  He  represented  their  structure 
as  follows  : 


CgHs.CH.COOaHs     CeHs.C.COOC.Hj    C.H^— C— COOC^H^ 

i  '  II  II 

CHO  H-C— OH  HO— C— H 

XI.  XII.  XIII. 

He  furthermore  showed  that  the  enol  form  was  capable  of 
forming  isomeric  salts,  which  gave  isomeric  acyl  modifica- 
tions when  treated  with  acyl  chlorides. 

In  a  later  paper  Wislicenus  and  Bindemann*  showed  that 
analogous  acyl  modifications  could  be  obtained  from  the 
sodium  salt  of  formylethylacetate.  Finally,  Wislicenus^ 
extended  his  investigations  to  the  sodium  salt  of  formylethyl- 
propionate,  which  we  used  in  our  condensation,  and  observed 
that  this  also  gave  stereochemical  isomers  when  treated  with 
acyl  chlorides.     The  close  analogy  between  Wislicenus'  iso- 

•  Ann.  Chem.  (I,iebig),  31a,  33. 

2  Ibid.,  316,  18. 

3  Ibid.,  316,  333- 
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mers  and  our  modifications  is  shown  by  the  following  formu- 
las : 

CH,— C— COOC.Hs  CH3— C— COOC.H^ 

II  II 

H— C— O— (OCR)  (RCO)— O— C— H 

1  1 

CH3— C— COOH  CH3— C— COOH 

11  II 

H— C— N-C(NH,),  (H,NXC=N— C— H 

It  seems  probable  to  the  writer  that  Pechmann's^  isomeric 

derivatives  which  he  obtained  by  treating  the  sodium  salt  of 

formylethylacetate  with  aniline  and  paratoluidine  are  to  be 

explained  in  a  similar  manner  : 

H— C— COOC.H,  H— C— COOC.Hj 

II  II 

H— C— NHR  RHN— C— H 

XIV.  XV. 

Erlenmeyer^  has  shown  that  ethyl  formate  can  be  condensed 
with  hippuric  ethyl  ester  by  means  of  sodium  ethylate  to  the 
sodium  salt  of  oxymethylenehippuric  ester.  We  have  pre- 
pared this  salt  and  find  that  it  condenses  very  smoothly  with 
pseudoethylthiourea,  giving  2-ethylmercapto-5-benzoylamino- 
6-oxypyrimidine. 

We,  furthermore,  have  condensed  ethyl  formate  with  phthal- 
imidoethylacetateto  the  sodium  salt  of  formylphthalimidoethyl- 
acetate.  We  find  that  this  salt  condenses  with  pseudoethyl- 
thiourea with  the  formation  of  2-ethylmercapto-5-phthalimido- 
6-oxypyrimidine,  and  an  intermediate  acrylic  acid. 

The  two  above  pyrimidines  show  a  most  striking  behavior 
towards  alkali.  2-Ethylmercapto-5-benzoylamino-6-oxypyrim- 
idine  dissolves  in  alkali  and  is  precipitated  unaltered  by  acids, 
while,  on  the  other  hand,  the  analogous  2-ethylmercapto-5- 
phthalimido-6-oxypyrimidine  is  converted  under  the  same  con- 
ditions into  the  corresponding  pseudoureaphthalimidoacrylic 
acid.* 

'  Ber.  d.  chem.  Ges.,  25,  1052. 

»  Ibid.,  36,  3769. 

3  Since  the  above  was  written  we  have  found  that  2-ethylmercapto-5-benzoyl- 
amino-6-oxypyrimidine  is  converted  by  alkali  into  the  sodium  salt  of  the  correspond- 
ing pseudoureabenzoylaminoacrylic  acid.  We  have  not  succeeded  in  isolating  the 
free  acid. 
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NH— CO 
I  i       /CO.  NaOH 


C.HjS.C         CN<         >CsH 
II         II     ^CQ/ 
N CH 


I  I     /CO. 
C,H,SC         CN/        >C,H,. 

II  II    ^co/ 

N CH 

EXPERIMENTAL  PART. 

NH— CO 

I  I 
2-Amino-§-inethyl-6-oxyPynrmdine,  H,N — C         C — CH,.  — 

II  II 
N CH 

Seventy-two  grams  of  guanidine  carbonate  were  dissolved  in 
the  least  possible  quantity  of  cold  water  and  mixed  with  54 
grams  of  barium  hydroxide  dissolved  in  400  cc.  of  water.  To 
this  solution,  filtered  clear  from  the  precipitated  barium  car- 
bonate, 283  grams  of  crude  sodium  formylethylpropionate 
were  added.  After  standing  at  ordinary  temperature  for 
about  eight  hours  the  clear  solution  was  divided  into  two 
equal  parts.  One  part  was  heated  on  the  steam-bath  for 
about  half  an  hour  and  then  neutralized  with  dilute  sulphuric 
acid.  A  brown  precipitate  separated  immediately  and  was 
filtered  off  and  saved  (see  /ran.y  acid).  The  clear  solution 
that  remained  was  evaporated  to  dryness,  then  redissolved  in  a 
little  warm  water,  and  filtered  from  a  small  amount  of  insolu- 
ble material  that  was  present.  The  pyrimidine  base  was  then 
precipitated  with  phosphotungstic  acid,  the  tungstic  acid  pre- 
cipitate decomposed  with  barium  hydroxide,  and  the  excess 
of  barium  hydroxide  removed  in  the  usual  way  with  carbon 
dioxide.  On  concentrating  the  solution  that  remained,  and 
cooling,  the  base  separated  in  the  form  of  stout  prisms  and 
melted  with  effervescence  at  320'  to  331°. 

The  second  part  of  the  original  solution  was  allowed  to 
-Stand  at  ordinary  temperature  for  two  weeks.  It  was  then 
neutralized  with  dilute  sulphuric  acid  as  before.     An  insolu- 
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ble  brown  precipitate  was  obtained  as  in  the  first  part. 
After  filtering  off  this  insoluble  precipitate  we  precipitated  the 
pyrimidine  base  with  mercuric  chloride  instead  of  phospho- 
tungstic  acid.  The  mercury  was  removed  from  the  precipi- 
tate with  hydrogen  sulphide  and  then  the  base  allowed  ta 
crystallize  from  the  concentrated  solution. 

The  yield  of  pure  base  by  the  two  different  methods  of 
treatment  was  about  equal  (4  grams),  showing  that  long 
standing  does  not  increase  to  any  extent  the  yield.  The 
same  observation  was  made  by  Wheeler  and  Johnson^  in  their 
preparation  of  isocytosine  or  2-amino-6-oxypyrimidine. 

2-Amido-5-methyl-6-oxypyrimidine  crystallized  from  hot 
water  in  two  distinct  crystalline  forms,  stout  prisms,  and  long, 
slender,  needle-like  prisms.  It  melts  at  320°  to  321°  with  vio- 
lent effervescence.  It  does  not  contain  water  of  crystalliza- 
tion. One  hundred  parts  of  water  dissolve  0.43  part  base  at 
25°  C.     A  nitrogen  determination  gave  : 

Calculated  for  Found. 

C6H7ON3.  I.  II. 

N  33.60  33.68  33.91 

The  base  was  not  hydrolyzed  to  thymine  after  heating  in  a 
sealed  tube  with  25  per  cent  sulphuric  acid  for  five  hours. 

In  a  second  condensation  we  modified  our  experiment  in 
the  following  manner :  After  adding  the  sodium  formyl- 
ethylpropionate  to  the  guanidine  solution,  we  added  a  molec- 
ular proportion  of  sodium  hydroxide  (29  grams).  The  alka- 
line solution  was  then  allowed  to  stand  at  a  temperature  of 
40°  to  50°  for  about  ten  hours,  and  then  heated  on  the  steam- 
bath  for  three  hours.  The  solution  was  then  divided  into  two 
equal  parts  and  one  part  neutralized  with  acetic  acid,  the 
other  with  dilute  sulphuric  acid.  An  immediate  precipitate 
of  the  trans  acid  resulted  in  both  cases.  The  weight  of  in- 
soluble acid  obtained  here  was  12.2  grams. 

The  two  filtrates  were  combined  and  precipitated  with  an 
excess  of  mercuric  chloride.  The  mercury  was  removed  in 
the  usual  way  with  hydrogen  sulphide  and  the  filtrate  con- 
centrated.    On  cooling  the  concentrated  solution  we  obtained 

1  Loc.  cit. 
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a  mass  of  needle-shaped  prisms  mixed  with  stout  prisms. 
Some  of  these  needle-formed  prisms  melted  at  319°  to  320°  to 
a  clear  oil,  followed  by  a  slow  effervescence.  That  this  body 
was  not  the  same  product  as  we  obtained  in  our  first  conden- 
sation was  shown  by  the  fact  that  when  it  was  mixed  with 
the  free  pyrimidine  the  melting-point  was  lowered  to  308°- 
310°  (see  cis  acid).  The  yield  of  this  crystalline  product  was 
18.2  grams.        < 

Behavior  with  Alkali. — The  base  dissolves  very  readily  in 
the  cold  in  both  dilute  (2  per  cent)  and  strong  (9  per  cent) 
solutions  of  sodium  hydroxide,  and  is  precipitated  unaltered 
when  the  alkaline  solution  is  neutralized  with  carbon  dioxide 
or  dilute  sulphuric  acid.  It  separates  in  the  form  of  needle- 
formed  prisms  and  melts  at  320°  to  321°  with  violent  efferves- 
cence. In  appearance  this  crystalline  form  of  the  base  re- 
sembles very  much  that  of  the  cis  acid.  That  the  ring  is  not 
opened  by  the  treatment  with  alkali  is  shown  by  the  fact  that 
when  this  body  was  mixed  with  the  cis  acid  the  melting-point 
was  lowered  to  307°.  Furthermore,  a  nitrogen  determination 
gave  : 

Calculated  for 

CsHtONs.  Found. 

N  33.60  33.90 

The  Hydrochloride. — Some  of  the  base  was  dissolved  in  con- 
centrated hydrochloric  acid  and  the  solution  concentrated  in  a 
vacuum.  The  hydrochloride  separated  in  stout  prisms.  A 
chlorine  determination  agreed  with  the  calculated  for  mono- 
hydrochloride  : 

Calculated  for 

C5H7ON3.HCI.  Found. 

CI  21.98  21.73 

The  Picrate. — The  picrate  separated  immediately  from 
water  in  yellow,  microscopic  crystals.  They  were  practically 
insoluble  in  boiling  alcohol  and  water.  After  prolonged  boil- 
ing with  water  the  insoluble  picrate  was  filtered  off  and  ana- 
lyzed for  nitrogen  : 

Calculated  for 
C5HVON3.C0HJO7N3.  Found. 

N  23.73  23.92 
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The  Sulphate. — The  sulphate  crystallized  from  water  in  the 
form  of  flattened  prisms  or  plates.  A  sulphur  determination 
agreed  with  the  calculated  for  an  acid  salt.  It  is  interesting 
to  note  that  Jaeger^  obtained  analogous  acid  sulphates  from 
the  isomeric  2-amido-4-methyl-6-oxypyrimidine,  and  from 
2-amido-4,5-dimethyl-6-oxypyrimidine  : 

Calculated  for 
C6H7ON3.H2SO4.  Found. 

S  14-34  14-62 

Platinum  Chloride  Double  Salts. — Two  characteristic  plati- 
num chloride  double  salts  were  obtained.  The  first  was  pre- 
pared by  adding  hydrogen  platinic  chloride  to  a  cold,  dilute 
hydrochloric  acid  solution  of  the  base.  It  analyz:_d  for  a  salt 
with  4  molecules  of  water  of  crystallization  : 

Calculated  for  Found. 

(C6H70N3.HCl)2PtCl4.4H20.  I.  II. 

Pt  26.56  26.51  26.61 

When  hydrogen  platinic  chloride  was  added  to  a  hot  hydro- 
chloric acid  solution  of  the  base  and  then  the  solution  allowed 
to  cool  slowly,  the  platinum  salt  separated  in  thick  tables  and 
melted  at  254°  to  255°.  A  water  determination  and  an  analy- 
sis for  platinum  agreed  with  the  calculated  for  a  double  plat- 
inum salt  containing  two  molecules  of  water  of  crystallization  : 

0.1995  gram  salt  lost  0.0106  gram  H3O  at  120°  to  130°  C. 

Calculated  for 
(CsHjONs.HCUsPtCU.aHjO.  Found. 

Pt  27.99  27.76 

H,0  5.17  5.30 

Trans-ct- Methyl- ft'guanidineacry lie  Acid, 
CH,— C— COOH 

II  . — This  acid  was  always  obtained 

(H,N),C=N— C— H 

in  the  condensation  described  above,  when  we  neutralized  the 
alkaline  solution,  preliminary  to  precipitating  the  pyrimidine 
base  with  mercuric  chloride.  It  separated  as  an  amorphous 
brown  precipitate.  One  of  the  most  characteristic  physical 
properties  that  distinguished  this  acid  from  its  cis  modification 
and  the  pyrimidine  was  its  insolubility  in  water.     One  hun- 

»  Ann.  Chem.  (Liebig),  363,  371. 
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dred  parts  of  water  dissolve  0.08  part  acid  at  25°  C.  It  crys- 
tallized from  boiling  water  in  poorly  developed  prisms,  and 
melted  according  to  the  rate  of  heating  from  329°  to  332°  with 
violent  effervescence.  It  possesses  both  acid  and  basic  prop- 
erties.    A  nitrogen  determination  gave  : 

Calculated  for 

C5H9O2N3.  Found. 

N  29.37  29.32 

In  our  second  condensation  the  trans  acid  came  down  less 
pure  and  was  mixed  with  a  considerable  amount  of  stout 
prisms.  These  were  separated  by  boiling  with  water.  After 
filtering  and  cooling,  the  prisms  separated  again  and  melted 
at  320°  to  321°  with  effervescence.  That  this  was  the  pyrimi- 
dine  base  was  shown  by  the  fact  that  when  mixed  with  the 
pure  pyrimidine  the  melting-point  was  not  lowered.  The 
trans  acid  was  not  changed  to  the  cis  modification  or  the 
pyrimidine  after  boiling  in  water  for  six  hours.  A  nitrogen 
determination  in  the  above  pyrimidine,  melting  at  320°  to 
321°,  gave  : 

Calculated  for 

C5H7ON3.  Found. 

N  33.60  33.68 

Behavior  with  g  Per  Cent  Sodium.  Hydroxide. — When  the 
trans  acid  was  dissolved  either  in  the  cold  or  warm  sodium 
hydroxide  solution,  and  the  solution  neutralized  with  carbon 
dioxide  it  separated  in  the  form  of  stout  prisms  and  melted  at 
320°  to  321°  with  violent  effervescence.  That  this  was  the 
pyrimidine  base  was  confirmed  by  a  nitrogen  determination  : 

Calculated  for 
CjHjONa.  C5H9O2N3.  Found. 

N  33.60  29.37  33-52 

The  formation  of  the  pyrimidine  from  the  trans  acid  was 
furthermore  confirmed  by  the  formation  and  analysis  of  its 
platinum  chloride  salt.  It  separated  in  the  form  of  stout 
prisms  and  melted  at  254°  to  255°.  When  mixed  with  the 
double  salt  previously  described  as  melting  at  254°  to  255°  the 
melting-point  was  not  lowered.  A  platinum  determination 
gave  : 
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Calculated  for 
(C5HTON3.HCl)2PtCl4.2H20.  Found. 

Pt  27.99  27.93 

Behavior  with  2  Per  Cent  Sodium  Hydroxide.  — Some  of  the 
trans  acid  melting  at  331°  was  dissolved  in  the  cold,  dilute 
sodium  hydroxide  solution.  On  neutralizing  with  dilute  sul- 
phuric acid  it  separated  again  as  a  brown,  poorly  crystallized 
precipitate.  It  was  extremely  insoluble  in  water  and  melted 
at  330°  to  332°  with  violent  effervescence.  The  trans  acid 
was  precipitated  again  unaltered  after  this  treatment  with  di- 
lute alkali.  When  mixed  with  the  pure  analyzed  acid  the 
melting-point  was  not  lowered.  This  experiment  is  of  inter- 
est because  it  enabled  us  to  determine  the  cis  and  trans  forms 
of  our  acid.  The  isomeric  modification  could  not  be  precipi- 
tated unaltered  from  an  alkaline  solution, 

Cis-ot- Methyl-  ft-guanidineacrylic  Acid, 
CH,— C— COOH 

II  . — This  acid  was  obtained  in  our  sec- 

H— C— N=C(NH,), 
ond  condensation  when  we  precipitated  with  mercuric  chlo- 
ride to  obtain  the  pyrimidine  base.  After  removing  the  mer- 
cury from  the  precipitate  with  hydrogen  sulphide  and  concen- 
trating the  solution  it  separated  with  the  pyrimidine  base  in 
slender,  needle-like  prisms.  It  was  obtained  pure  by  recrys- 
tallizing  from  hot  water.  It  was  approximately  about  twice 
as  soluble  in  water  as  the  pyrimidine.  One  hundred  parts  of 
water  dissolve  0.84  part  acid  at  25°.  The  most  noticeable 
physical  property  which  this  acid  possesses  is  its  behavior  on 
melting.  It  melts  at  319°  to  320°  to  a  clear  oil,  followed  by  a 
slight  effervescence  and  slow  decomposition.  A  nitrogen  de- 
termination gave  : 

Calculated  for  Found. 

C6H9O2N3.  I.  II. 

N  29.37  29.05  29.6 

In  order  to  be  certain  that  we  were  dealing  here  with  a  sec- 
ond modification  of  the  guanidineacrylic  acid,  and  not  with  a 
modification  of  our  pyrimidine  containing  water  of  crystalliza- 
tion, some  of  the  acid  was  heated  for  one  hour  at  115°  to  120°, 
and  again  at  140°  for  one  hour.     The  body  lost  no  weight  by 
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this  treatment,  thus  confirming  our  assumption  that  we  had 
in  hand  an  isomeric  acid. 

Behavior  with  p  Per  Cent  Sodium  hydroxide. — The  cis  acid 
dissolved  immediately  in  the  sodium  hydroxide  solution. 
When  the  alkaline  solution  was  neutralized  with  carbon  di- 
oxide or  with  dilute  hydrochloric  acid  an  asbestos-like  pre- 
cipitate of  needle-like  prisms  were  obtained.  They  melted  at 
319"  to  321°  with  effervescence.  When  mixed  with  the  pyrimi- 
dine  (m.  p.  320°)  the  melting-point  was  not  lowered.  When 
mixed  with  the  cis  acid  (m.  p.  319°  to  320°)  the  melting-point 
was  lowered  to  from  302°  to  303°.  That  the  cis  acid  had  been 
converted  into  the  pyrimidine  was  confirmed  by  a  nitrogen  de- 
termination : 

Calculated  for 

C5H7ON3.  Found. 

N  33.60  33.23 

Behavior  with  2  Per  Cent  Sodium  Hydroxide. — The  cis  acid 
that  was  used  in  this  experiment  melted  sharply  at  320°  to  a 
clear  oil  and  analyzed  for  29.05  per  cent  of  nitrogen,  calcula- 
ted 29.37  psr  cent.  It  dissolved  immediately  in  the  cold,  di- 
lute sodium  hydroxide  solution.  When  the  alkaline  solution 
was  neutralized  with  carbon  dioxide  or  sulphuric  acid  the  base 
was  precipitated  in  needle-like  prisms  melting  at  320°  with 
effervescence.  A  nitrogen  determination  agreed  with  the 
calculated  for  the  pyrimidine  : 

Calculated  for 

CsHrONs.  Found. 

N  33.60  33.43 

Acetic  acid  also  precipitated  from  an  alkaline  solution  of 
the  cis  acid,  the  pyrimidine  melting  at  320°. 

Condensation  of  Ethyl  Form.ate  with  Phthalimidoethylacetate . — 
This  condensation  was  effected  by  suspending  the  phthalimido- 
ethylacetate in  benzene  or  ether  with  the  calculated  amount 
of  sodium  and  adding  slowly  the  ethyl  formate.  The  con- 
densation was  not  smooth,  and  after  standing  for  several 
hours,  with  occasional  shaking,  much  phthalimidoethylacetate 
remained  unaltered.  From  50  grams  of  phthalimidoethylace- 
tate about  50  grams  of  crude  sodium  salt  were  obtained. 


1^.2  Johnson  and  Clapp. 

This  sodium  salt  is  exceedingly  unstable  in  aqueous  solu- 
tion. Some  of  the  salt  was  dissolved  in  water  and  then  fil- 
tered. When  this  clear  salt  solution  was  allowed  to  stand  for 
several  hours  at  ordinary  temperature  it  gradually  deposited  a 
crystalline  solid.  This  crystallized  from  alcohol  in  needle- 
like prisms  and  melted  at  iii°.  It  proved  to  be  unaltered 
phthalimidoethylacetate.  When  the  filtered  solution  was  acidi- 
fied with  hydrochloric  acid  no  further  precipitation  took 
place. 

On  the  other  hand,  when  a  solution  of  the  sodium  salt  was 
immediately  acidified  with  hydrochloric  acid  a  semisolid  pre- 
cipitate was  obtained.  It  was  insoluble  in  hot  water.  It 
dissolved  in  cold  alcohol  with  the  exception  of  a  small  amount 
of  white,  crystalline  material.  This  insoluble  pr-^duct  crys- 
tallized from  hot  alcohol  in  needles  and  melted  at  193°  to  194°. 
It  was  soluble  in  alkali  to  a  yellow  solution.  This  body  was 
identified  as  4-oxyisoquinoline-3-carboxylic  ethyl  ester,  which 
was  obtained  by  Gabriel  and  Colman'  by  heating  phthalimido- 
ethylacetate with  sodium  ethylate  and  alcohol  at  100°.  A 
nitrogen  determination  gave  : 

Calculated  for 
Ci2Hn04N.  Found. 

N  6.00  6.21 

When  the  above  alcoholic  extract  was  evaporated  to  dry- 
ness a  thick  syrup  was  obtained  which  immediately  solidified 
on  cooling.  It  crystallized  from  alcohol  in  prisms  and  melted 
at  1 1 1°  to  1 12°.     It  was  identified  as  phthalimidoethylacetate. 

2-Eihylinercapto-5-phthalimido-6-oxypyri'midine, 
NH— CO 

I  I       /CO. 

CjHjS.C  C.N<^         ^CsH^.— This  pyrimidine  was  obtained 

II  II     ^co/ 

N;=CH 
by  condensing  pseudoethylthiourea  in  aqueous  solution  with 
the  sodium  salt  of  formylphthalimidoethy  lacetate.  Six  and  two- 
tenths  grams  of  the  crude  salt  were  treated  with  160  cc.  of 
water  and  filtered  from  the  unaltered  phthalimidoethylacetate. 
To  the  clear  solution  was  then  added  an  aqueous  solution  of 

1  Ber.  d.  chem.  Ges.,  33,  983. 
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the  pseudourea,  that  was  prepared  by  mixing  a  solution  of  36 
grams  of  the  hydrobromide  with  1 1  grams  of  potassium  hydrox- 
ide. The  resulting  mixture  was  then  allowed  to  stand  at  ordi- 
nary temperature  for  one  hour,  and  then  heated  on  the  steam- 
bath.  Mercaptan  was  evolved  in  large  amount,  and  on  prolonged 
heating  the  solution  assumed  a  dark-green  color.  A  crystal- 
line precipitate  finally  began  to  separate  from  the  hot  solution 
when  the  mixture  was  removed  from  the  bath  and  allowed  to 
cool.  This  crystalline  body  proved  to  be  phthalimidoethyl- 
acetate.  On  acidifying  the  solution  with  sulphuric  acid  a 
thick,  gummy  precipitate  was  obtained,  which  was  purified 
by  boiling  with  water  and  animal  charcoal.  It  crystallized 
from  alcohol  in  rhombic  plates  and  melted  at  230°  to  231°  to  a 
yellow  oil.  It  gave  a  strong  test  for  sulphur.  A  nitrogen 
determination  gave  : 

Calculated  for 
CuHnOgNaS.  Found. 

N  13-95  14-3 

When  the  above  pyrimidine  was  dissolved  in  alkali  and 
then  acidified  with  dilute  hydrochloric  or  sulphuric  acid  a 
white,  crystalline  precipitate  was  immediately  obtained.  It 
crystallized  from  50  per  cent  alcohol  and  melted  with  violent 
effervescence  at  130°  to  131°,  then  solidified  again  in  the  hot 
bath,  and  did  not  melt  again  until  229°  to  a  clear,  yellow  oil. 
It  gave  a  strong  test  for  sulphur.  A  nitrogen  determination 
agreed  with  the  calculated  for  «-phthalimido-/?-pseudoethyl- 
thioureaacrylic  acid, 

CeH,(CO),N— C(C00H)=:CH.N=C(SC,H5)— NH,  : 

Calculated  for 
CUH13O4N3S.  Found. 

N  13.16  13.26 

This  same  acid  was  obtained  in  the  above  condensation 
when  the  acid  filtrates  were  allowed  to  stand.  It  separated 
in  small  prisms  and  was  purified  by  crystallizing  from  alcohol. 
When  the  acid  was  heated  above  its  melting-point  in  an  oil- 
bath  it  immediately  decomposed  with  loss  of  a  molecule  of 
water,    giving   the   pyrimidine   derivative   melting   at    231". 
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When  mixed  with  the  pyrimidine  the  melting-point  was  not 
lowered. 

Sodium  Salt  of  Oxymethylenehippuric  Ethyl  Ester, 
/NH.COC.H^ 
NaO— CH=C<;  .—This  salt  was  used  by  Erlen- 

meyer^  in  his  synthesis  of  serine  and  cystine.  He  gives  no 
directions  for  preparing  the  salt,  but  states  that  he  obtained 
it  by  condensing  ethyl  formate  with  hippuric  ethyl  ester  in 
presence  of  sodium  ethylate. 

We  have  prepared  the  salt  by  condensing  hippuric  ethyl 
ester  with  ethyl  formate  in  benzene  in  the  presence  of  metallic 
sodium.  The  condensation  is  very  slow.  From  25  grams  of 
hippuric  ester  we  obtained  35  grams  of  the  crude  salt. 

2-  Ethylmercapto-^-benzoylamino-6-oxypyrimidine , 
NH— CO 

CjHjS.C  CNH.COCeHj.— Thirty-five  grams  of  the  above 

II  II 

N CH 

sodium  salt  were  dissolved  in  cold  water  and  combined  with 
an  aqueous  solution  of  pseudoethylthiourea.  Only  0.5  molec- 
ular proportion  of  pseudourea  was  used  in  this  reaction,  or  13 
grams  of  the  hydrobromide,  which  were  neutralized  with  4 
grams  of  potassium  hydroxide.  The  mixture  was  allowed  to 
Stand  at  ordinary  temperature  for  forty-eight  hours.  No  odor 
of  mercaptan  was  noticeable.  When  the  mixture  was  ex- 
amined a  large  amount  of  crystalline  material  had  separated 
from  the  aqueous  solution.  This  crystallized  from  alcohol  in 
needles  and  melted  at  238"  to  239°  to  a  yellow  oil.  It  gave  a 
strong  test  for  sulphur  and  did  not  decompose  when  heated  to 
260°.     A  nitrogen  determination  gave  : 

Calculated  for 
C13H13O2N3S.  Found. 

N  15.27  15.50 

The  pyrimidine  was  soluble  in  alkali  and  was  precipitated 
unaltered  by  hydrochloric  acid. 

1  Ber.  d.  cheni.  Ges.,  36,  3769;  35,  2720. 
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When  the  alcoholic  filtrates  from  the  above  purification 
were  combined  and  evaporated  to  dryness  an  oil  was  obtained 
which  finally  solidified.  It  was  identified  as  unaltered  hip- 
puric  ester. 

More  of  the  above  pyrimidine  was  obtained  by  acidifying 
the  original  solution  after  filtering  off  the  crystalline  material 
that  had  separated.  It  was  precipitated  as  a  semisolid, 
which  quickly  solidified  on  cooling.  It  crystallized  from  alco- 
hol in  needles  and  melted  at  238°  to  239°. 

Netv  Haven,  Conn.,  Feb.  24,  1904. 


Contributions  from  the  New  York  Agricultural  Experiment  Station. 

VIII.— CHEMICAL  CHANGES  IN  THE  SOURING  OF 

MILK. 

By  Lucius  L.  Van  Slyke  and  Edwin  B.  Hart. 

In  the  ordinary  souring  of  milk  two  phenomena  are  familiar: 
First,  the  formation  of  acid,  resulting  in  giving  milk  a  sour 
taste  and  a  characteristic  odor,  and,  second,  the  curdling  or 
coagulation  of  the  milk-casein.  The  formation  of  lactic  acid 
in  the  souring  of  milk  from  milk-sugar  by  means  of  acid- 
forming  organisms  has  been  well  known  for  years,  but  the 
character  of  the  action  causing  coagulation  of  milk-casein  has 
not  been  satisfactorily  established,  though  explained  in  various 
ways. 

Among  the  explanations  that  have  been  offered  to  indicate 
what  takes  place  when  an  acid  precipitates  milk-casein,  we 
will  call  attention  to  two.  The  first  explanation  was  offered 
by  Scheele  in  1780,  who  was  the  pioneer  in  the  study  of  lac- 
tic acid.  He  expressed  the  view  that  the  precipitate  formed 
by  treating  milk  with  an  acid  is  a  compound  produced  by  the 
union  of  the  acid  with  milk-casein.  In  1865,  Millon  and 
Commaille^  carried  on  some  experiments  which  led  them  to 
the  same  view.  In  1893  Timpe"  made  a  study  of  the  souring 
of  milk  and  stated  that  a  given  amount  of  casein  unites  with 
a  definite  quantit)'  of  lactic  acid  to  form  a  definite  chemical 
compound.     Owing   to  the  variation   in  views   expressed  by 

1  Compt.  rend.,  59,  301  (1865). 

2  Arch.  Hyg.,  18.  I  (1893)- 
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different  workers,  Hammarsten^  took  up  the  question  and  con- 
cluded as  a  result  of  his  work  that  there  was  no  ground  for 
believing  that  a  chemical  combination  takes  place  between 
casein  and  the  acid  used  to  precipitate  it.  He  based  his 
statement  mainly  on  the  fact  that  by  rubbing  for  several  days 
in  a  mortar  with  different  portions  of  water,  a  precipitate 
formed  by  casein  with  an  acid,  he  was  able  to  remove  the 
acid  so  completely  that  the  remaining  precipitate  gave  no  test 
for  the  acid.  With  the  more  recent  knowledge  we  have  of 
the  looser  forms  of  chemical  combination  common  to  proteids 
and  the  tendency  of  such  compounds  to  dissociate  under  con- 
ditions less  severe  than  those  used  by  Hammarsten,  his  work 
cannot  be  regarded  as  settling  the  question  in  such  an  abso- 
lute manner  as  he  indicates.  According  to  Hammarsten,* 
milk-casein  contains  calcium  phosphate  in  combination,  and 
the  treatment  with  acid  removes  the  calcium  phosphate, 
which  results  in  precipitating  casein.  This  view  in  some- 
what modified  forms  has  been  held  by  Eugling,^  Schaffer,* 
and  Soldner.^ 

In  this  Journal  (28,  424-430  (1902))  we  called  attention, 
in  a  preliminary  way,  to  the  fact  that  we  had  isolated  two 
different  compounds  formed  by  casein  when  treated  with  lac- 
tic acid,  one  of  which  we  were  led  to  regard  as  casein  mono- 
lactate  and  the  other  as  casein  dilactate.  Both  compounds 
are  insoluble  in  water.  The  monolactate  is  completely  solu- 
ble at  about  55°  C.  in  a  5  per  cent  solution  of  sodium  chloride, 
while  the  dilactate  is  practically  insoluble  in  this  solvent.  It 
appears  that  Hammarsten  really  prepared  these  compounds 
but  did  not  recognize  what  they  were  or  their  relations  to 
each  other.  He  says  :®  ' '  When  we  carefully  precipitate  a 
very  dilute  solution  of  casein  with  a  very  dilute  acid,  there  is 
formed  a  loose  precipitate,  which  dissolves  completely  in 
sodium  chloride  to  an  opalescent  solution."     He  adds  that 

I  Maly  Jahresber.  Thierchemie,  7,  160  (1877). 

s/*xrf.,  4,  135  (1874). 

3  Landw.  Versuchs.-Stat.,  31,  392  (1885). 

*  Landw.  Jahrb.  d.  Schweiz,  i,  33  (1887). 

5  Landw.  Versuchs.-Stat.,  35,  351  (1889). 

«  Maly  Jahresber.  Thierchemie,  7,  163  (1877). 
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when  too  much  acid  is  used  a  precipitate  is  formed  that  is  in- 
soluble in  sodium  chloride  solution. 

We  are  still  engaged  in  making  a  more  complete  study  of 
the  chemical  relations  of  acids  to  casein,  the  final  results  of 
which  will  be  published  later.  By  our  further  study  we  have 
been  able  to  prepare  these  compounds  under  more  complete 
control.  Some  of  our  more  recent  results  indicate  that  it  may 
be  necessary  to  modify  to  some  extent  the  interpretation  of 
our  previous  results.  While  many  facts  favor  the  view  that 
there  is  a  direct  combination  between  the  proteid  and  acids, 
other  facts  are  not  in  full  harmony  with  this  position.  We 
hope  to  obtain  data  in  the  near  future  which  will  furnish  us  a 
satisfactory  basis  for  reaching  definite  settled  conclusions  in  re- 
gard to  this  question,  which  has  been  so  long  a  troublesome  and 
difficult  problem.  Until  our  present  interpretation  of  our  re- 
sults has  been  clearly  shown  to  be  inconsistent  with  the  facts 
previously  ascertained  by  us,  we  shall  continue  tentatively  to 
speak  of  the  compounds  in  question  as  mono-  and  di-salts  of 
casein  and  paracasein. 

It  is  our  purpose  in  this  paper  to  present  the  results  of  some 
recent  work  done  to  show  the  amounts  of  the  casein  monolac- 
tate  and  dilactate  formed  in  the  usual  souring  of  milk,  to- 
gether with  the  results  of  a  simultaneous  study  of  some  of  the 
conditions  under  which  the  sugar  in  milk  is  changed  into  lac- 
tic acid. 

In  one  set  of  experiments  made  in  our  study,  we  placed 
some  fresh  separator  skim-milk  in  an  Erlenmeyer  flask,  stop- 
pered with  a  plug  of  cotton.  This  was  allowed  to  stand  at 
room  temperature,  and  samples  were  taken  from  this  flask  for 
examination  from  time  to  time.  In  the  first  experiment  the 
room  temperature  varied  from  18°  to  24°  C.  ;  in  the  second 
from  21°  to  27°  C.  In  another  set  of  experiments  we  used 
3000  cc.  of  pasteurized  separator  skim-milk,  to  which  had 
been  added  50  cc.  of  sour  milk  to  hasten  the  souring.  We 
placed  in  each  of  14  cotton-stoppered  flasks  100  cc.  of  this 
milk  and  allowed  one  lot  (No.  3)  to  stand  at  a  temperature  of 
1 5°. 5  to  21°  C,  and  another  lot  (No.  4)  at  21°  to  27°  C.  In 
these  experiments  (3  and  4)  we  used  the  contents  of  one  flask 
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for  making  an  analysis  at  each  stated  period  of  time,  no  flask 
being  opened  until  its  contents  were  used.  The  results  of 
these  experiments  are  given  in  the  table  on  preceding  pages. 

Decrease  of  Milk-sugar. 

In  all  cases  the  loss  of  milk-sugar  increased  quite  rapidly 
for  thirty-two  hours,  after  which  additional  change  was  slow 
and  small.  In  seventy-two  to  one  hundred  and  twenty  hours 
the  maximum  loss  was  reached;  in  experiment  No.  i  no 
further  change  of  milk-sugar  occurred  after  seventy-two 
hours,  and  in  No.  2  none  after  ninety-six  hours.  Of  course, 
at  temperatures  somewhat  higher,  less  time  would  be  required 
for  the  transformation  of  the  same  amount  of  milk-sugar. 
Averaging  our  results,  we  find  that  about  1 1  per  cent  of  the 
sugar  present  in  the  milk  at  the  start  had  disappeared  in  eight 
hours,  21  per  cent  in  twenty-four  hours,  25.5  per  cent  in 
thirty-two  hours,  26  per  cent  in  forty-eight  hours,  27  per  cent 
in  seventy-two  hours,  and  27.6  per  cent  in  ninety-six  hours. 

Amount  of  Lactic  Acid  Formed 

The  maximum  amount  of  lactic  acid  formed,  calculated  as 
lactic  acid,  was  about  0.90  per  cent,  which  is  equivalent  to 
about  62  per  cent  of  the  milk-sugar  that  disappeared.  It  is 
customary  to  represent  in  the  following  manner  the  reaction 
by  which  milk-sugar  is  converted  into  lactic  acid  : 

C,H,Ai-hH,0     =     4C3H,03- 

According  to  this  expression,  all  the  milk-sugar  is  converted 
into  lactic  acid,  weight  for  weight.  While  this  equation  ex- 
presses the  most  prominent  chemical  reaction  that  occurs,  it 
certainly  fails  to  give  anything  like  a  complete  or  accurate 
statement  of  the  entire  chemical  reaction.  In  detail,  our 
average  results  are  as  follows  :  In  twenty-four  hours,  40  per 
cent  of  the  milk-sugar  that  had  disappeared  formed  acid, 
largely  lactic  ;  in  thirty-two  hours,  58.5  per  cent ;  in  forty- 
eight  hours,  64  per  cent ;  in  seventy-two  hours,  63,3  percent; 
in  ninety-six  hours,  63.5  per  cent ;  in  one  hundred  and 
twenty  hours,  61,3  per  cent. 
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As  shown  by  Kayser/  there  may  be  present  in  addition  to 
lactic  acid,  as  the  products  of  the  decomposition  of  milk-sugar 
by  lactic-acid  forming  organisms,  carbon  dioxide  gas,  formic 
acid,  acetic  acid,  acetone,  and  alcohol.  Mayer*  has  found 
that  under  the  most  favorable  conditions  we  may  possibly  be 
able  to  get  as  much  as  83.9  parts  of  lactic  acid  from  100  parts 
of  milk-sugar,  but  the  conditions  used  by  him  are  not  such  as 
normally  exist  in  milk.  The  presence  of  alcohol,  volatile 
fatty  acids,  and  gases  among  the  lactic-acid  fermentation- 
products  has  also  been  shown  by  Leichmann,'  and  acetone  by 
Jaksch.*  The  quantity  of  acid  formed  is,  according  to  Em- 
merling,^  dependent  upon  a  variety  of  conditions,  among 
which  the  following  may  be  mentioned  :  The  kind  of  organ- 
ism ;  the  reaction  of  the  material,  a  neutral  reaction  being 
favorable ;  the  presence  or  absence  of  air,  the  presence  of  air 
favoring  the  formation  of  more  of  the  volatile  acids  ;  the  con- 
ditions of  nutrition,  of  temperature,  and  of  the  presence  or  ab- 
sence of  certain  substances. 

According  to  Timpe,"  for  example,  one  of  the  lactic  acid 
organisms  studied  by  him  is  checked  in  its  growth  by  0.04 
per  cent  of  free  lactic  acid.  However,  the  growth  is  not 
checked  so  long  as  there  are  substances  present  with  which 
the  acid  can  unite.  We  have  such  substances  in  milk.  Using 
as  a  basis  the  figures  given  by  Soldner,'  the  inorganic  com- 
pounds in  100  grams  of  milk  would  unite  with  0.3938  gram  of 
lactic  acid.  Timpe  found  that  100  grams  of  milk-casein  neu- 
tralize 8.415  grams  of  lactic  acid.  The  milk-casein  in  100 
grams  of  milk  containing  2.5  per  cent  of  casein  would  there- 
fore neutralize  0.2104  gram  of  lactic  acid.  Thus,  the  total 
amount  of  lactic  acid  neutralized  by  100  grams  of  ordinary 
milk  would  be  0.604  P^r  cent,  and  this  was  about  the  amount 
of  acid  found  by  him  in  milk  that  had  soured  in  the  usual 
way.     In   his   experience   the  maximum  amount  of  acid  is 

1  Ann.  Past,  8,  737  (:S94). 

1  Centrbl.  Bakt.,  la,  99  (1892). 

i  Ibid.,  16,826  (1894). 

*  Ber.  d.  chem.  Ges.,  19,  781,  R. 

=  Die  Zersetzung  stickstofffreier  organischen  Substanzen  durch  Bakterien,  p.  34- 

6  Arch.  Hyg.,  18,  i  (1893). 

"  Landw.  Versuchs.-Stat.,  35,  351  (1S89). 
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reached  in  about  fifty  hours  at  ordinary  temperatures.  Our 
results  are  somewhat  higher  than  those  of  Timpe.  We  find 
as  our  maximum  somewhat  more  lactic  acid,  which  is  nearly 
all  formed  in  forty-eight  to  seventy-two  hours.  There  will, 
of  course,  be  a  variation  in  different  milks  dependent  upon  the 
amount  of  casein  and  inorganic  salts,  other  conditions  being 
uniform.  Richet'  states  that  he  has  found  as  much  as  1.6  per 
cent  of  lactic  acid  in  sour  milk,  but  this  figure  is  so  much 
higher  than  any  one  else  has  found  that  there  must  be  some 
error  in  his  method  of  determination.  Hueppe'  finds  the 
amount  of  lactic  acid  formed  in  sour  milk  about  0.8  per  cent, 
which  is  in  close  agreement  with  our  results. 

Relation  of  Coagulation  of  Milk  to  Amount  of  Acid. 

In  the  case  of  experiment  No.  3,  the  milk  was  found  com- 
pletely coagulated,  that  is,  solidified  in  a  mass,  in  twenty-six 
hours,  when  the  amount  of  acid  had  reached  about  0.6  per 
cent.  In  experiment  No.  4,  the  time  of  coagulation  was 
twenty-four  hours  and  the  percentage  of  acid  was  nearly  0.8. 
The  milk  in  No.  2  had  just  coagulated  at  the  end  of  twenty- 
four  hours.  In  the  case  of  experiments  i  and  4,  the  milk 
coagulated  during  the  night  and  our  observation  was  made  in 
the  morning,  just  how  long  after  coagulation  we  do  not  know. 
Under  the  ordinary  conditions  of  souring,  we  can  expect,  ac- 
cording to  these  results,  that  milk  will  coagulate  when  the 
total  acid  reaches  about  0.8  or  0.9  per  cent,  as  indicated  by 
titration  with  standard  alkali  and  phenolphthalein  as  indica- 
tor. Deducting  the  amount  of  the  original  titration  of  the 
fresh  milk  and  calling  the  rest  lactic  acid,  we  have  coagula- 
tion taking  place  when  the  lactic  acid  reaches  0.6  to  0.7  per 
cent.  In  producing  this  amount  of  lactic  acid  about  1.3  per 
cent  of  milk-sugar  disappears,  which  is  about  25  per  cent  of 
the  sugar  originally  present  in  the  milk. 

Soluble  Nitrogen  Compounds  in  Sour  Milk. 

The  soluble  nitrogen  compounds  in  the  sour  milk  amounted 
to  about  22  per  cent  of  the  nitrogen  in  the  milk.     This  is 

1  Compt.  rend.,  86,  550  (1878). 

«  Mittheil.  a.  d.  Gesundh.,  2,  309  (1884). 
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practically  all  accounted  for  by  the  milk-albumin.  The  con- 
stancy of  the  amount  of  soluble  nitrogen  also  suggests  that  it 
was  present  mostly,  if  not  entirely,  as  milk-albumin. 

Formation  of  Casein  Monoladate  and  Casein  Dilacfate  in  Milk 
Coagulated  by  Ordinary  Souring. 

When  the  milk  was  first  visibly  coagulated  the  amount  of 
casein  in  the  form  of  monolactate  was  13  to  14  per  cent  of  the 
casein  in  the  milk,  and  the  amount  of  casein  dilactate  was  86 
to  87  per  cent  of  the  casein  in  the  milk.  As  the  milk  grew 
more  acid,  the  monolactate  gradually  passed  into  the  dilac- 
tate. The  minute  amount  of  monolactate  apparently  present 
at  the  time  the  experiment  was  stopped  is  due  to  a  slight  sol- 
ubility of  dilactate  in  a  5  percent  solution  of  sodium  chloride. 
When  milk  coagulates  by  souring  in  the  usual  way,  the 
casein  is  nearly  all  in  the  form  of  dilactate  at  the  time  the 
milk  has  set  in  a  solid  mass. 

It  was  desired  to  determine  the  amount  of  casein  monolac- 
tate in  milk  before  the  milk  visibly  coagulates.  For  studying 
this  point,  some  milk  was  set  aside  one  day  at  5  p.  m.  and  the 
next  forenoon  was  warmed  to  about  40"  C,  when  casein  mono- 
lactate separated  from  the  milk.  In  this  case  65  per  cent  of 
the  casein  was  in  the  form  of  monolactate,  while  no  dilactate 
was  present. 

Separation  of  Casein,  Casein  Monolactate,  and  Casein  Dilactate. 

The  method  employed  by  us  in  separating  casein,  casein 
monolactate,  and  casein  dilactate,  when  they  occur  together 
in  milk,  is  as  follows  :  The  milk  is  heated  to  40°  C.  and  the 
monolactate  separates  as  a  precipitate.  When  only  casein 
and  casein  monolactate  are  present,  simple  filtration  with 
washing  serves  to  separate  them.  When  the  two  lactates  are 
present  in  the  coagulum  formed  after  heating,  they  are  re- 
moved from  other  milk  constituents  by  filtration,  and  the 
monolactate  is  dissolved  in  a  5  per  cent  solution  of  sodium 
chloride  at  about  55°  C,  after  which  the  two  compounds  are 
separated  by  filtration. 
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Summary . 

1.  The  purpose  of  the  work  described  in  this  paper  was  to 
study  the  chemical  changes  that  take  place  in  the  ordinary 
souring  of  milk,  especially  those  changes  that  affect  the  de- 
composition of  milk-sugar,  the  formation  of  lactic  acid,  and 
the  production  of  casein  monolactate  and  casein  dilactate. 

2.  The  loss  of  milk-sugar  increased  quite  rapidly  forthirt}'- 
two  hours  at  room  temperatures  (i8°  to  27°  C),  after  which 
the  change  was  small  and  ceased  in  seventy-two  to  ninety-six 
hours,  when  the  maximum  loss  of  milk-sugar  was  reached, 
about  1.50  per  cent,  equivalent  to  about  28  per  cent  of  the 
sugar  originally  present  in  the  milk. 

3.  The  maximum  amount  of  lactic  acid  former*  was  about 
0.9  per  cent,  which  is  equivalent  to  about  62  per  cent  of  the 
milk-sugar  that  disappeared. 

4.  At  the  temperature  used,  the  milk  coagulated  in  twenty- 
four  to  twenty-nine  and  a  half  hours,  when  the  percentage  of 
total  acid  shown  by  titration  had  reached  0.6  to  0.7. 

5.  When  the  milk  was  first  visibly  coagulated,  13  to  14  per 
cent  of  the  casein  was  in  the  form  of  monolactate  and  86  to  87 
per  cent  was  in  the  form  of  dilactate.  With  further  increase 
of  acid  in  the  milk,  the  monolactate  passes  into  the  dilactate. 

Geneva,  N.  Y.,  March  i,  1904. 
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IX.— A   STUDY   OF    THE   ARTIFICIAL   DIGESTION 
OF  SOME  COMPOUNDS  OF  CASEIN  AND  PARA- 
CASEIN CONTAINED  IN  COTTAGE  AND 
CHEDDAR  CHEESE. 

By  I<ucius  L.  Van  Slyke  awd  Edwin  B.  Hart. 

There  is  a  popular  belief,  which  appears  to  have  some 
foundation  in  experience,  that  certain  compounds  of  casein 
used  as  food  are  more  digestible  than  certain  compounds  of 
paracasein  also  used  as  food.  Put  into  the  ordinary  mode  of 
expression,  it  is  commonly  believed  that  fresh  cottage,  or 
Dutch,  cheese  is  more  easily  digested  than  cheddar  cheese, 
especially  new  cheddar  cheese.     Cottage   cheese,   also  com- 
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monly  known  as  Dutch  cheese,  is  prepared  by  allowing  milk 
to  coagulate  by  ordinary  souring,  heating  to  aid  separation  of 
whey,  allowing  the  curd  to  drain,  and  then  shaping  it  into 
balls.  When  thus  prepared,  it  consists  essentially  of  casein 
dilactate,  holding  70  to  75  per  cent  of  moisture.  The  coagu- 
lation is  sometimes  aided  by  adding  a  small  amount  of  rennet, 
in  which  case  the  cheese  is  largely  paracasein  dilactate.  Cot- 
tage cheese  may  also  be  prepared  by  adding  0.6  per  cent  of 
lactic  acid  or  0.25  per  cent  of  hydrochloric  acid  to  milk,  form- 
ing in  the  latter  casein  dihydrochloride.  In  new  cheddar 
cheese,  the  kind  that  is  most  commonly  made  and  consumed 
in  America,  the  nitrogen  is  largely  in  the  form  of  paracasein 
monolactate. 

It  seemed  desirable  to  ascertain  by  artificial  peptic  diges- 
tion to  what  extent  laboratory  experiments  are  in  harmony 
with  the  popular  belief  referred  to.  We  have  worked  with 
the  following  materials  :  Paracasein,  paracasein  monolactate 
of  new  cheddar  cheese,  paracasein  dilactate,  casein  monolac- 
tate, casein  dilactate  (cottage  cheese)  prepared  by  normal  sour- 
ing of  milk  and  by  direct  addition  of  lactic  acid  to  milk,  and 
casein  dihydrochloride.  These  materials  have  been  treated 
with  varying  amounts  of  pepsin,  with  and  without  hydrochloric 
acid.  Some  experiments  were  also  made  to  determine  the  in- 
fluence of  the  fineness  of  the  materials  upon  the  rate  of  diges- 
tion. 

(/)   Comparison  of  Digestibility  of  Paracasein  and  Paracasein 
Monolactate  without  Acid. 

The  paracasein  used  in  this  experiment  was  prepared  by 
coagulating  fresh  milk  with  rennet  extract  ;  it  was  carefully 
washed.  As  the  source  of  paracasein  monolactate,  we  used 
freshly  prepared  cheddar  cheese  in  which  over  75  per  cent  of 
the  nitrogen  was  present  in  the  form  of  paracasein  monolac- 
tate. The  samples  (25  grams)  were  ground  with  sand  and  in 
each  of  several  bottles  there  was  placed  material  equivalent  to 
0.694  gram  of  nitrogen  with  80  cc.  of  water.  The  bottles  and 
contents  were  heated  to  100°  C.  for  fifteen  minutes  to  destroy 
all  enzymes  and  active  organisms.     After  cooling,  there  were 
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added  to  each  bottle  3  cc.  of  chloroform  and  20  cc.  of  pepsin 
solution  containing  0.150  gram  of  Parke  Davis  &  Co.'s  asep- 
tic scale  pepsin.  The  bottles  were  kept  at  37°  C.  and  exam- 
ined at  intervals.  Enough  bottles  were  prepared  in  each  case 
so  that  one  bottle  was  used  for  each  examination,  no  bottle 
being  opened  until  analyzed.  The  analytical  results  are 
given  in  Table  I. 

These  results  show  that  the  paracasein  failed  to  digest, 
while  the  paracasein  monolactate  digested  quite  rapidly  when 
we  consider  the  absence  of  free  acid. 

(2)  Comparison  of  Digestibility  of  Casein  Monolactate  and 
Casein  Dilactate  without  Acid. 

The  casein  monolactate  was  prepared  by  treating  20  pounds 
of  milk  with  32.6  grams  of  lactic  acid.  On  heating  at  37°  to 
40°  C,  the  monolactate  separated  as  a  characteristic  rubber- 
like mass.  A  portion  of  it  was  found,  on  testing,  to  dissolve 
completely  in  a  5  per  cent  solution  of  sodium  chloride.  The 
casein  dilactate  was  prepared  by  allowing  milk  to  sour  in  the 
usual  way  for  making  cottage  cheese.  These  materials,  care- 
fully washed,  were  prepared  for  digestion  as  described  under 
(i)  preceding,  except  that  in  each  bottle  we  used  0.200  gram 
of  pepsin,  in  place  of  0.150  gram,  and  i  per  cent  of  chloro- 
form instead  of  3  per  cent.  The  amount  of  nitrogen  in  the 
material  in  each  bottle  was  0.830  gram.  No  acid  was  added 
to  the  contents  of  the  bottles.  The  results  are  given  in 
Table  II. 

The  casein  monolactate  digested,  in  the  absence  of  free 
acid,  somewhat  more  rapidly  than  the  dilactate.  This  result 
we  did  not  anticipate,  since  it  was  expected  that  the  com- 
pound containing  the  higher  amount  of  acid  would  be  acted 
upon  more  readily  by  pepsin.  In  explanation  of  this  be- 
havior, it  may  be  suggested  that  the  acid  in  the  dilactate  ap- 
pears to  be  in  more  stable  combination  than  in  the  monolac- 
tate. 

(j)   Comparison  of  the  Digestibility  of  Paracasein  Monolactate 
and  Paracasein  Dilactate  with  and  without  Free  Acid. 
The   paracasein   dilactate   was    prepared   by   allowing   20 
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pounds  of  milk,  mixed  with  half  a  pound  of  sour  milk,  to 
stand  eight  hours  at  room  temperature  and  then  adding  0.5  cc. 
of  rennet  extract,  after  which  the  mass  was  allowed  to  remain 
until  it  had  become  quite  acid  and  was  completely  coagula- 
ted. The  monolactate  was  obtained  in  the  form  of  new  Ched- 
dar cheese,  in  which  66.21  per  cent  of  the  nitrogen  was  in  the 
form  of  monolactate.  These  materials  were  prepared  for  di- 
gestion as  described  under  (i)  preceding,  except  that  we 
used  0.300  gram  of  pepsin  and  i  cc.  of  chloroform,  and  in  ex- 
periments 3  and  4  we  used  in  addition  0.4  per  cent  of  hydro- 
chloric acid. 

In  studying  the  data  embodied  in  Table  III.,  we  notice  the 
same  fact  to  which  attention  has  already  been  called,  viz., 
that  in  the  absence  of  free  acid  the  monolactate  undergoes 
pepsin  digestion  more  rapidly  than  the  dilactate.  When, 
however,  free  acid  is  present,  the  reverse  is  true,  the  dilactate 
digesting  more  readily  than  the  monolactate.  The  initial  ac- 
tivity of  digestion  is  considerably  greater  in  both  cases  in  the 
presence  of  acid.  The  following  explanation  is  suggested  to 
show  why,  in  the  presence  of  free  acid,  the  dilactate  digests 
more  rapidly  :  The  monolactate  is  first  converted  into  dilac- 
tate and  thus  uses  some  of  the  acid,  so  that  less  acid  is  left 
free  to  take  part  in  the  pepsin  digestion. 

(^)   Comparison  of  Digestibility  of  Casein  Dilactate  and  Casein 
Dihydrochloriae  with  and  without  Acid. 

The  casein  dilactate  and  casein  dihydrochloride  were  pre- 
pared by  treating  milk  with  0.6  per  cent  of  lactic  acid  and  0.2 
per  cent  of  hydrochloric  acid.  The  resulting  products  were 
washed  and  prepared  for  digestion  as  described  in  (i)  and 
(3)  preceding,  except  that  the  materials  were  not  ground  with 
sand  and  were  not  heated.  In  i  and  2  no  free  acid  was  added 
to  the  digestion  bottles,  while  in  3  and  4  we  used  0.4  per  cent 
of  hydrochloric  acid  (see  Table  IV.,  p.  159). 

The  data  in  Table  IV.  show  no  essential  difference  in  di- 
gestibility between  the  casein  dilactate  and  casein  dihydro- 
chloride. This  is  true  both  in  the  absence  and  presence  of 
free  acid.     Increased  digestibility  is  caused  by  free  acid,  the 
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most  marked  increase  being  in  the  first  period  (four  hours)  of 
digestion. 

(5)  Comparison  of  Digestibility  of  Cottage  Cheese  Made  from 

Whole  Milk  and  Skim-milk. 

We  desired  to  test  the  influence  of  fat  in  cottage  cheese 
upon  its  digestibility.  The  cheese  was  prepared  in  each  case 
by  adding  0.2  per  cent  of  hydrochloric  acid  to  the  milk  used. 
We  thus  had  casein  dihydrochloride  as  our  proteid,  contain- 
ing, in  one  case,  12.65  P^r  cent  of  fat  and,  in  the  other,  0.62 
per  cent.  The  materials  were  prepared  for  digestion  as  de- 
scribed in  (4)  preceding. 

The  results  in  this  table  indicate  that  the  cheer  e  made  from 
whole  milk  digested  more  quickly  than  the  cheese  made  from 
skim-milk.  This  could  not  be  accounted  for  by  saying  that 
the  whole  milk  contained  more  proteolytic  enzyme  than  the 
skim-milk,  because  milk-enzymes,  even  when  present  in  dif- 
ferent quantities,  do  not  appear  to  have  the  power  of  produc- 
ing such  differences  of  digestion  in  so  short  a  time.  The  true 
explanation  probably  lies  in  the  fact  that  the  whole-milk 
cheese  was  much  more  porous  and  loose  in  texture,  owing  to 
the  presence  of  the  fat,  and  so  offered  a  better  mechanical 
condition  for  the  action  of  the  digestive  agent.  The  fat  in 
this  case  not  only  failed  to  impede  digestion  but  indirectly 
favored  it. 

(6)  Influence  of  Mechanical  Division  upon  Digestion  of  Cheese. 

The  mechanical  condition  or  fineness  of  division  of  food  is 
known  to  have  a  marked  influence  upon  digestion.  In  test- 
ing this  point,  we  prepared  fresh  cheddar  cheese  and  fresh 
cottage  cheese.  The  cheddar  cheese  contained  70.4  per  cent 
of  its  nitrogen  as  paracasein  monolactate.  All  the  bottles 
contained  the  same  content  of  water  and  0.4  per  cent  of  hy- 
drochloric acid.  In  Experiment  i,  the  cottage  cheese  was 
made  as  fine  as  possible  by  grinding  with  quartz  sand,  while 
in  2  the  cheese  was  in  the  condition  in  which  it  is  ordinarily 
consumed.  In  Experiments,  the  cheddar  cheese  was  ground 
with  sand,  in  4  it  was  chopped  about  as  fine  as  it  would  be  made 
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by  ordinary  chewing,  and  in  5  it  was  cut  into  cubes  about 
one-quarter  of  an  inch  in  size.  In  other  respects  the  ma- 
terials were  prepared  for  digestion  as  described  in  (4)  pre- 
ceding (see  Table  VI.,  p.  161). 

The  difference  of  digestion  between  the  finely  ground  cot- 
tage cheese  and  that  left  in  the  ordinary  condition  is  not  large, 
and  after  twenty-four  hours  nearly  disappears.  In  the  case 
of  the  Cheddar  cheese,  the  difference  is  very  striking.  When 
the  cheese  was  ground  fine,  about  twice  as  much  was  di- 
gested in  four  hours  as  when  it  was  chopped  fine,  and  about 
three  and  one-half  times  as  much  as  when  cut  into  quarter- 
inch  cubes.  The  cottage  cheese  in  its  ordinary  condition  di- 
gested more  rapidly  than  the  cheddar  cheese  grornd  fine. 

(7)  Influence  of  Increasing  Amounts  of  Acid  upon  Digestion  of 

Cheese. 

In  normal  gastric  digestion  in  animals,  the  acid  used  is 
secreted  gradually  and  not  all  poured  into  the  stomach  at  the 
start.  In  order  that  the  conditions  of  our  work  might  in  this 
respect  more  nearly  approximate  normal  digestion,  we  pre- 
pared for  digestion,  as  described  in  (6)  preceding,  some  sam- 
ples of  cottage  and  cheddar  cheese,  ground  with  sand,  and 
added  to  the  digesting  mass  hydrochloric  acid  at  intervals,  as 
follows :  At  the  start,  0.4  per  cent  of  acid  ;  in  two  hours,  o.i 
per  cent ;  in  four  hours,  o.i  per  cent ;  in  eight  hours,  o.i  per 
cent;  in  twenty-four  hours,  0.1  per  cent;  in  forty-eight 
hours,  O.I  per  cent,  making  in  all  an  addition  of  0.9  per  cent 
of  hydrochloric  acid.  The  results  are  given  below  in  com- 
parison with  some  digestions  in  which  we  used  0.4  per  cent  of 
acid  at  the  beginning  and  added  none  afterwards. 

The  addition  of  0.4  per  cent  of  hydrochloric  acid  at  the  be- 
ginning of  the  digestion,  followed  by  an  addition  of  0.1  per 
cent  two  hours  after,  increased  the  amount  of  digested  pro- 
teid  very  noticeably  at  the  first  examination,  four  hours  after 
the  digestion  began.  This  was  true  in  both  cottage  and  ched- 
dar cheese.  As  in  previous  cases,  the  cottage  cheese  was 
more  completely  digested  than  the  cheddar  cheese. 
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Summary . 

1.  In  the  absence  of  acid,  paracasein  fails  to  be  digested  by- 
pepsin,  while  paracasein  monolactate  (the  chief  nitrogen  com- 
pound of  fresh  cheddar  cheese),  paracasein  dilactate,  casein 
monolactate,  casein  dilactate  (cottage  or  Dutch  cheese),  and 
casein  dihydrochloride  are  partially  digested.  Paracasein 
monolactate  and  casein  monolactate,  in  the  absence  of  acid, 
are  digested  more  than  are  paracasein  dilactate  and  casein  di- 
lactate. 

2.  In  the  presence  of  0.4  per  cent  of  hydrochloric  acid,  para- 
casein dilactate  is  digested  by  pepsin  more  than  is  paracasein 
monolactate.  Paracasein  monolactate  and  dilactate,  and 
casein  monolactate  and  dilactate,  and  casein  dihydrochloride 
digest  more  readily  and  completely  in  the  presence  of  free 
hydrochloric  acid  than  in  its  absence. 

3.  Casein  dilactate  and  casein  dihydrochloride  do  not  differ 
in  the  rapidity  and  extent  to  which  they  are  converted  into 
soluble  compounds  by  pepsin. 

4.  The  addition  of  acid  after  the  beginning  of  the  digestion 
increases  the  amount  of  proteid  digested  in  both  cottage  and 
cheddar  cheese. 

5.  Cottage  cheese  made  from  whole  milk  digests  more 
rapidly  than  that  made  from  skim-milk,  owing  to  the  looser 
texture  of  the  former.  Fat  in  such  cases  does  not  impede  di- 
gestion. 

6.  The  rapidity  of  digestion  is  dependent  in  part  upon  the 
fineness  of  division  of  the  material  to  be  digested.  Cottage 
cheese,  as  ordinarily  consumed,  is  in  a  state  of  finer  division 
than  cheddar  cheese. 

7.  Cottage  cheese  may  properly  be  regarded  as  more  read- 
ily digestible  than  new  cheddar  cheese  for  two  reasons  :  First, 
the  casein  dilactate,  the  chief  solid  constituent  of  cottage 
cheese,  is  more  digestible  in  the  presence  of  free  hydrochloric 
acid  than  is  paracasein  monolactate,  the  principal  nitrogenous 
constituent  of  new  cheddar  cheese.  Second,  cottage  cheese 
is  in  such  a  mechanical  condition  that  it  admits  of  easier  at- 
tack by  digestive  agents  than  does  new  cheddar  cheese. 

Geneva,  N.  Y.,  March  i,  1904. 
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VI.— PROPANETRISUI.PHONIC  ACID. 
[preliminary  paper.] 

Bt  William  B.  Schober. 

The  only  derivatives  of  propanetrisulphonic  acid  heretofore 
described  are  two  barium  salts  prepared  by  Schaiifelin^  in 
1868.  He  treated  trichlorhydrine  (made  by  treating  dichlor- 
hydrine  with  phosphorus  pentachloride)  with  a  concentrated 
water  solution  of  neutral  potassium  sulphite.  The  reaction, 
taking  place  in  accordance  with  the  following  equation,  was 
complete  in  twelve  hours  : 

C3H,Cl3  +  3K,S03     =     C3H,(S03K)3  +  3KCI. 

Owing  to  the  formation  of  a  double  salt  it  was  impossible  to 
obtain  the  potassium  propanetrisulphonate  free  from  potas- 
sium chloride.  He,  therefore,  treated  a  solution  of  the  double 
salt  with  concentrated  sulphuric  acid  and  evaporated  it  on  a 
water-bath  until  the  odor  of  hydrochloric  acid  was  no  longer 
perceptible.  The  residue  was  extracted  with  alcohol,  boiled 
with  water,  and  neutralized  with  barium  carbonate.  After 
filtering  the  hot  solution  and  cooling,  a  difficultly  soluble, 
white,  crystalline  powder  was  deposited.  It  contained  no 
water  of  crystallization.  A  determination  for  barium  and  sul- 
phur gave  these  results : 

Calculated  for 
ySOaba 

C3H5— SOsba.  Found. 

^SOsba 

Ba  42.2  42.04 

S  19.8  20.2 

By  diluting  the  solution  he  obtained  another  barium  salt, 
easily  soluble,  containing  water  of  crystallization.  After  dry- 
ing the  salt  at  150°,  a  determination  for  barium  gave  41.8  per 
cent.     No  other  results  are  recorded. 

In  order  to  avoid  the  difficulty  encountered  by  Schaiifelin, 
I  treated  1,2,3-tribrompropane  (tribromhydrine)  with  ammo- 
nium sulphite.     The  tribromhydrine  was  prepared  by  treat- 

'  Ann.  Cbem.  (Liebig),  148,  117. 
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ing  allyl  iodide  with  bromine.  After  being  purified  it  boiled 
at  216°  (uncorr.)- 

The  ammonium  sulphite  was  made  by  passing  cooled  sul- 
phur dioxide,  from  copper  and  sulphuric  acid,  and  cooled 
ammonia,  obtained  by  gently  heating  concentrated  ammonium 
hydroxide,  into  95  per  cent  alcohol  surrounded  by  a  freezing- 
mixture  of  ice  and  salt.  I  obtained  more  satisfactory  results 
by  employing  95  per  cent  alcohol  than  with  the  absolute. 
When  the  latter  was  used  the  product  was  very  finely  divided 
and  exceedingly  difl&cult  to  filter. 

The  tribromhydrine  and  a  saturated  solution  of  5  molecules 
of  ammonium  sulphite  were  placed  in  a  flask,  to  which  was 
attached  an  inverted  condenser,  and  heated  on  a  sand-bath. 
The  substances  reacted  very  slowly.  At  times,  during  the 
progress  of  the  reaction,  sulphur  dioxide  escaped  ;  in  order  to 
avoid  this  a  little  ammonium  carbonate  was  added.  The 
heating  was  continued  until  all  the  tribromhydrine  had  dis- 
appeared. The  hot,  clear  solution  was  filtered  and  allowed 
to  stand  over  night.  No  crystals  were  deposited.  Upon 
evaporation  and  cooling,  a  quantity  of  ammonium  bromide 
separated  out.  On  further  treatment  small  quantities  of  am- 
monium sulphate  and  more  ammonium  bromide  were  ob- 
tained. Finally  the  crystals  of  what  proved  to  be  the  ammo- 
nium salt  of  propanetrisulphonic  acid  were  deposited. 

The  Ammonium  Salt,  C3H5(S03NH,)3  +  H,0.— This  salt  is 
very  soluble  in  water  with  marked  lowering  of  the  tempera- 
ture, difl&cultly  soluble  in  absolute  alcohol,  from  which  it 
crystallizes  in  a  fine  powder  composed  of  minute  needles.  It 
has  a  strong  crystallizing  force.  From  a  water  solution  beau- 
tiful, brilliant,  transparent  crystals  may  be  easily  obtained. 
In  one  experiment  a  single  crystal  weighing  12  grams  was 
formed.  The  salt  is  efflorescent  on  long  standing  ;  does  not 
melt  or  char  at  360°.     A  partial  analysis  gave  these  results  : 

I.  0.3419  gram  substance,  on  heating  for  two  hours  at  130°, 
lost  0.0178  gram. 

II.  0.1866  gram  substance,  on  heating  for  one  hour  at  130°, 
lost  0.0098  gram. 
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III.  0.1768  gram  substance  gave  0.02336  gram  N  (Kjel- 
dahl-Gunning  method). 

IV.  0.1454   gram   substance,  dried   at   125°,  gave   0.3027 
gram  BaSO^  (Carius  method). 

V.  0.1465  gram  substance,  dried  at  125°,  gave  0.3058  gram 
BaSO,  (Carius  method). 


Calculated  for 

Found. 

C3H5(S03NH4)3  +  HjO. 

I. 

II. 

H,0 

5-IO 

5.20 

5-25 

N 

12.53 

.... 

13-2 

S 

28.62 

28.58 

28.65 

The  Barium  Salt,  (C3H5(SOJ,),Ba3  +  sH.O.— This  salt 
was  made  by  dissolving  the  ammonium  salt  in  water  and  boil- 
ing the  solution  with  barium  carbonate  until  the  odor  of  am- 
monia was  no  longer  perceptible.  It  is  difficultly  soluble  in 
hot  alcohol,  difficultly  soluble  in  water,  from  which  it  crys- 
tallizes in  minute,  ill-defined  crystals.  An  analysis  gave  the 
following  results : 

I.  0.3064  gram  substance  lost  0.0269  gram  on  heating  for 
two  hours  at  125°,  and  gave  0.2001  gram  BaSO^. 

II.  0.5256  gram  substance  lost  0.0464  gram  on  heating  one 
and  a  half  hours  at  125°,  and  gave  0.3448  gram  BaSO^. 

III.  0.2387  gram  substance,  dried  at  130°,  gave  0.0726 
gram  CO2  and  0.0366  gram  H^O. 

IV.  0.1997  gram  substance,  dried  at  130°,  gave  0.0586 
gram  CO^  and  0.0284  gram  H3O. 


Calculated  for 
C3H6(S03ba)3  +  5H20. 

I. 

Found. 

II. 

c 

H 

H,0 

7.40 
1.03 
8.47 

8.25 
1.70 
8.82 

8.00 
1.58 

Ba  42.24  42.34  

The  investigation  of  propanetrisulphonic  acid  and  its  deriv- 
atives will  be  continued. 


South  Bethlehem,  Pa., 
March  12,  1904. 
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ON  CERTAIN  DERIVATIVES  OF  TRICHLORTRINI- 
TROBENZOL. 

By  C.  Loring  Jackson  and  Paul  Shortt  Smith. 

In  continuing  an  extended  research,  which  has  been  car- 
ried on  for  some  years  in  this  laboratory,  on  the  behavior  of 
nitrohalogen  derivatives  of  benzol,  it  was  important  to  study 
the  trichlortrinitrobenzol  discovered  by  Wing  and  one  of  us' 
many  years  ago.  At  that  time  the  substance  was  prepared 
without  diflSculty,  but  more  than  one  man,  who  had  taken  up 
the  work  later  in  this  laboratory,  found  it  impossible  to  ob- 
tain any  of  it,  although  the  directions  given  in  the  f  iper  cited 
were  followed  with  the  greatest  care.  It  was  evident  that 
some  condition  essential  to  the  preparation  of  the  trichlortrini- 
trobenzol had  been  omitted,  but  even  consultation  with  Dr. 
Wing  failed  to  show  what  this  condition  was.  At  last,  how- 
ever, Mr.  H.  A.  Carlton  discovered  that  it  was  necessary  to 
use  a  return-condenser  in  converting  the  trichlordinitrobenzol 
into  trichlortrinitrobenzol,  and  with  this  slight  change  the 
preparation  became  once  more  the  easy  one  described  by  Wing 
and  one  of  us.  As  Mr.  Carlton  had  become  interested  in  an- 
other part  of  the  work  during  his  experiments  on  the  manu- 
facture of  trichlortrinitrobenzol,  we  have  undertaken  the  study 
of  this  substance. 

An  alcoholic  solution  of  sodic  ethylate  reacted  vigorously 
with  the  trichlortrinitrobenzol,  forming  even  at  ordinary  tem- 
peratures trinitrophloroglucine  triethyl  ether  and  trinitro- 
phloroglucine,  Cj(0H)3(N0j)s.  This  action  therefore  resem- 
bles in  part  the  behavior  of  the  tribromtrinitrobenzol,^  which 
under  these  conditions  gives  the  same  products,  but  also  by 
a  parallel  reaction  a  considerable  quantity  of  tribromnitrore- 
sorcine  diethyl  ether,  CgBrjjNOjCOC^HJj.  No  trace  of  a  cor- 
responding replacement  of  nitro  groups  was  observed  by  us 
with  the  chlorine  compound.  Trichlordinitrobenzol'  in  the 
cold  formed  chlordinitroresorcine  diethyl  ether,  which  gives 

'  This  Journal,  9,  354  (1887). 

2  Jackson  and  Warren  :  Ibid.,  15,  607  (1893). 

3  Jackson  and  Lamar  :  Ibid.,  18,  664  (1896). 
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dinitrophloroglucine  triethyl  ether  with  a  hot  solution  of  sodic 
ethylate  ;  and  the  tribromdinitrobenzol'  gives  two  bromdini- 
troresorcine  diethyl  ethers  and  dinitrophloroglucine  triethyl 
ether  as  the  principal  products  in  the  cold,  while,  when  hot 
sodic  ethylate  is  used,  one  of  the  bromdinitroresorcine  diethyl 
ethers  is  reduced  to  dinitroresorcine  diethyl  ether. 

With  sodic  malonic  ester  one  of  the  atoms  of  chlorine  in  the 
trichlortrinitrobenzol  is  replaced  by  the  malonic  ester  radical, 
but  instead  of  the  expected  malonic  ester  the  substance  isolated 
by  us  was  a  dichlortrinitrophenylacetic  ester, 

C,C1,(  NOJ.CHjCOOCjH,, 

melting  at  130°  to  131°,  formed  by  the  decomposition  of  the 
malonic  ester.  It  is  probable  that  the  acetic  ester  was  formed 
during  the  distillation  with  steam  used  by  us  in  purifying  the 
product,  but  our  attempts  to  prove  this  by  isolating  a  pure 
compound  without  distillation  with  steam  led  to  no  result. 
Parallel  experiments  by  H.  A.  Carlton  and  one  of  us*  with 
tetrachlordinitrobenzol,  however,  showed  that  the  trichlor- 
dinitrophenylmalouic  ester  was  obtained,  when  the  substance 
was  purified  by  solution  only,  whereas  the  acetic  ester  was 
obtained  when  the  mother-liquors  were  distilled  with  steam. 
This,  although  not  conclusive,  is  strongly  in  favor  of  our 
theory  that  the  acetic  ester  is  formed  by  the  distillation  with 
steam.  Tribromtrinitrobenzol,'  when  treated  with  sodic  ma- 
lonic ester,  gives  bromnitrophenylmalonic  ester, 

C,HBr(NO,XCH(COOC,H,)„ 

by  the  replacement  of  1  atom  of  bromine  by  the  malonic  ester 
radical,  and  of  a  second  by  hydrogen.  No  similar  replace- 
ment of  chlorine  by  hydrogen  was  observed  in  our  work  nor 
has  one  ever  been  observed  so  far  as  we  can  find.  The  tri- 
bromdinitrobenzol*  and  the  trichlordinitrobenzoP  show  the 
same  difference  in  their  behavior  toward  sodic  malonic  ester 
as  that  which  appears  with  the  trinitro  compounds. 

^  Jackson  and  Koch  :  This  Journal,  21,  510. 

2  Ibid.y  31,  360  (1904). 

3  Jackson  and  Moore  :  Ibid.,  12,  7  (1890). 

*  Jackson  and  Robinson  :  Ibid.y  11,  93,  541  (1S89). 

*  Jackson  and  Lamar  :  Ibid.,  18,  664  (1896). 
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In  our  attempts  to  obtain  a  substitution  of  chlorine  by  hy- 
drogen we  treated  the  dichlortrinitrophenylacetic  ester  with 
sodic  malonic  ester,  and  obtained  the  replacement  of  a  second 
atom  of  chlorine  by  the  malonic  ester  radical,  but  our  analy- 
sis of  the  substance  was  not  sufi&cient  to  determine  whether  it 
was  the  chlortrinitrophenyleneaceticmalonic  ester, 

C,Cl(NO,)3CH,COOC,H5CH(COOC,H5)„ 

or  the  chlortrinitrophenylenediacetic  ester, 

C,C1(N0,)3(CH,C00C,H,),. 

The  latter  would  be  the  more  probable,  as  the  product  was 
worked  up  by  distillation  with  steam,  but,  as  the  analysis  on 
the  whole  agrees  better  with  the  first  formula,  we  have 
adopted  that  provisionally  for  this  substance,  which  melts  at 
147°  to  148°.  Unfortunately  the  insuflBciency  of  our  analysis 
was  discovered  only  after  the  departure  of  one  of  us  from 
Cambridge  prevented  us  from  furnishing  better  analytical 
data.  The  bromtrinitrophenylmalonic  ester^  is  also  converted 
into  trinitrophenylenedimalonic  ester  by  the  further  action  of 
malonic  ester. 

Further  treatment  with  sodic  malonic  ester  removed  chlo- 
rine as  sodic  chloride  from  the  chlortrinitrophenyleneacetic- 
malonic  ester,  but  the  organic  product  was  so  unmanageable 
that  we  can  give  no  account  of  its  nature. 

The  dichlortrinitrophenylacetic  ester  was  converted  by 
treatment  with  aniline  into  dianilinotrinitrophenylacetic  ester, 

Ce(CeH,NH)XN0j3CH,C00C,H„ 

melting  at  201°,  which  forms  a  compound  with  benzol, 

C,(CeH,NH),(NO,)3CH,COOC,H,2CeH,. 

This  result,  taken  in  conjunction  with  those  of  Herman  and 
one  of  us*"  on  trianilinodinitrobenzol,  and  Carlton  and  one  of 
us'  on  trianilinochlordinitrobenzol,  indicates  that  the  tendency 
to  form  addition-compounds  is  a  marked  one  among  nitroani- 

1  Jackson  and  Moore  :  This  Journal,  la,  7  (1890). 
2 /djrf.,  16,35(1894). 
*  fbid.,  31,  360  (1904). 
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linobenzols.  This  subject  will  be  studied  more  fully  in  this 
laboratory. 

When  heated  to  150°  to  160°  in  a  sealed  tube  with  strong 
hydrochloric  acid  the  dichlortrinitrophenylacetic  ester  was 
converted  into  a  new  3,5-dichlor-2,4,6-trinitrotoluol,  melting 
at  200°  to  201°,  by  the  saponification  of  the  ester,  followed  by 
the  removal  of  carbonic  dioxide.  Under  the  same  conditions 
the  chlortrinitrophenylenemalonicacetic  ester  gave  a  sub- 
stance which,  although  not  fully  purified,  was  evidently  the 
chlortrinitroxylol  of  Klages  and  Knoevenagel.' 

The  constitution  of  all  the  new  compounds  mentioned  in 
this  paper  follows  from  the  fact  that  they  are  prepared  from 
the  symmetrical  i,3,5-trichlor-2,4,6-trinitrobenzol. 

EXPERIMENTAL  PART. 

Preparation  of  Trichlortrinitrobenzol . 

The  trichloraniline  was  prepared  by  the  method  of  Victor 
Meyer  and  Sudborough,^  that  is,  by  passing  chlorine  through 
aniline  dissolved  in  chloroform.  The  progress  of  the  reaction 
was  traced  by  filtering  out  a  small  quantity  of  the  precipitate, 
washing  it,  and  testing  the  aqueous  washings  with  sodic  hy- 
drate ;  the  amount  of  the  precipitate  of  aniline  formed  showed 
the  extent  of  the  chlorination.  The  trichloraniline  was  con- 
verted into  trichlorbenzol  by  the  action  of  alcohol  sulphuric 
acid  and  sodic  nitrite  by  the  method  of  Lamar  and  one  of  us.^ 
In  that  paper  it  is  stated  that  the  trichlorbenzol  was  converted 
into  trichlordinitrobenzol  by  standing  with  fuming  nitric  acid 
of  sp.  gr.  1.505  in  the  cold.  With  commercial  acid  of  sp.  gr. 
1.5  we  obtained  only  the  mononitro  compound.  Accordingly, 
we  heated  the  trichlorbenzol  on  the  steam-bath  for  several 
hours  with  a  mixture  of  three  parts  of  fuming  nitric  acid  of 
sp.  gr.  1.5  and  one  of  fuming  sulphuric  acid  of  sp.  gr.  1.89. 
The  mixture,  on  standing  over  night,  deposited  nearly  pure 
trichlordinitrobenzol.     The  small  amount  remaining  in  the 

1  Ber.  d.  chem.  Ges.,  a8,  2046  (1895). 

2  Ibid.,  aj,  3151  (1894)  ;  compare  also  Jackson  and  Lamar  :  This  Journal,  18,  666 
(1896). 

3  This  JOURNAI.,  18,  667  (1896). 
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acid  mother-liquor  was  precipitated  with  water  and  purified 
by  crystallization  from  alcohol. 

The  trichlortrinitrobenzol  was  prepared  by  the  method  re- 
cently rediscovered  by  Mr.  H.  A.  Carlton  in  this  laboratory. 
We  have  found  the  following  arrangement  of  the  process 
gives  the  best  yield.  Sixteen  grams  of  trichlordinitrobenzol 
were  mixed  with  400  cc.  of  fuming  nitric  acid  of  sp.  gr.  1.50 
and  160  cc.  of  fuming  sulphuric  acid  of  sp.  gr.  1.89.  The 
nitric  acid  was  a  nearly  colorless  commercial  fuming  acid. 
An  acid  strongly  colored  with  nitrous  fumes  would  probably 
fail  to  give  the  desired  result  judging  from  previous  expe- 
rience.^ The  sulphuric  acid  was  prepared  by  mixing  sul- 
phuric trioxide  with  strong  sulphuric  acid.  The  mixture  was 
boiled  in  a  flask  with  the  inner  tube  of  a  return-condenser 
ground  into  the  neck  (this  condition  is  indispensable  to  suc- 
cess) for  two  days,  the  boiling  being  carried  on  violently  the 
whole  time.  On  standing  over  night  a  considerable  quantity 
of  the  trichlortrinitrobenzol  crystallized  out  in  small,  white 
needles,  which  were  filtered  out  through  glass  wool.  The 
filtrate  was  precipitated  with  water  and  the  precipitate  recrys- 
tallized  from  alcohol.  When  16  grams  of  trichlordinitroben- 
zol were  used,  7  to  8  grams  of  trichlortrinitrobenzol  usually 
crystallized  from  the  acid ,  and  about  2  grams  were  obtained 
from  the  filtrate  by  precipitation. 

In  our  last  series  of  preparations  the  following  yields  were 
obtained  from  100  grams  of  aniline  : 

Trichloraniline,  an  essentially  quantitative  yield. 

Trichlorbenzol,  95  grams. 

Trichlordinitrobenzol,  100  grams. 

Trichlortrinitrobenzol,  48  grams. 
The  yield  of  trichloraniline  is  decidedly  better  than  that 
obtained  by  Lamar  and  one  of  us,'  but  the  yield  of  trichlor- 
benzol was  only  little  over  half  of  that  formerly  obtained. 

Action  of  Sodic  Ethylate  on  Trichlortrinitrobenzol. 

One  gram  of  trichlortrinitrobenzol  was  dissolved  in  4  cc.  of 

1  Jackson  and  Wing  :  This  Journal,  9,  348  (1887). 
■^  Ibid.,  18,  667  (1896). 
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benzol  and  mixed  with  the  sodic  ethylate  made  from  0.6  gram 
of  sodium  and  15  cc.  of  absolute  alcohol,  so  that  there  was  a 
large  excess  of  sodic  ethylate.  The  solution  turned  bright 
scarlet  on  the  addition  of  the  first  drops  of  the  sodic  ethylate, 
and  there  was  a  considerable  evolution  of  heat.  The  mixture 
was  allowed  to  stand  an  hour  at  ordinary  temperatures,  after 
which  it  was  acidified  with  dilute  sulphuric  acid,  which  re- 
moved the  red  color,  filtered  from  the  precipitated  salts,  and 
evaporated  on  the  steam-bath  till  the  solvents  had  been  driven 
off.  The  slightly  oily,  crystalline  residue  was  recrystallized 
from  alcohol  until  it  showed  a  constant  melting-point.  As  this 
la}- at  119°,  and  the  substance  gave  no  test  for  chlorine,  it 
was  evidently  the  trinitrophloroglucine  triethyl  ether.'  For 
greater  certainty  it  was  dried  in  vacuo  and  analyzed. 

0.2042  gram  substance  gave  23.1  cc.  moist  N^  at  23°  and 
762  mm. 

Calculated  for 
CeCOCoHs'gCNOsJg.  Found. 

N  12.17  12.78 

The  alcoholic  mother-liquors  from  the  trinitrophloroglucine 
triethyl  ether  contained  a  dark-green  oil,  from  which  we  did 
not  succeed  in  isolating  any  definite  compound. 

The  precipitate  obtained  as  one  of  the  products  of  the  reac- 
tion was  in  some  cases  filtered  out  before  acidification.  Upon 
washing  with  water  most  of  it  dissolved,  and  the  solution  after 
acidification  with  dilute  sulphuric  acid  was  concentrated  and 
allowed  to  stand  over  night,  when  it  deposited  thick,  yellow- 
ish-white needles,  and,  on  further  spontaneous  evaporation, 
small,  yellow,  hexagonal  prisms.  The  quantity  was  too  small 
for  complete  purification,  but  both  sorts  of  crystals  melted 
from  160°  to  165°.  These  observations  show* that  the  sub- 
stance is  the  trinitrophloroglucine,  Cg(OH),(NOj)3.HjO, 
which  melts  with  its  water  of  crystallization  at  160°  to  161°, 
according  to  Warren  and  one  of  us,'  at  158°  according  to 
Benedikt,  but  after  being  dried  at  105°  shows  the  melting- 
point  167°;'  it  also  crystallizes  in  the  two  forms  described. 

1  Jackson  and  Warren  :  This  Journal,  15,  611  (1893). 

*  Ibid.,  15,615  (1893). 

3  Ber.  d.  chem.  Ges.,  ii,  1376  (187S). 
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The  behavior  of  trichlortrinitrobenzol  with  sodic  ethylate 
therefore  resembles  that  of  tribromtrinitrobenzol  with  the 
same  reagent  so  far  as  the  replacement  of  halogen  is  con- 
cerned, but  we  observed  no  signs  of  the  parallel  reaction  by 
which  nitro  groups  are  replaced  in  the  tribromtrinitrobenzol. 

Action  of  Sodic  Malonic  Ester  on  Trichlortrinitrobenzol. 

Ten  grams  of  trichlortrinitrobenzol  were  dissolved  in  40  cc. 
of  anhydrous  benzol  and  mixed  with  the  sodic  malonic  ester 
made  by  the  action  of  14  cc.  of  malonic  ester  and  2  grams  of 
sodium  previously  treated  with  40  cc.  of  absolute  alcohol, 
that  is,  about  3  molecules  of  the  malonic  ester  were  used  to 
each  molecule  of  the  trichlortrinitrobenzol.  On  the  addition 
of  the  sodic  malonic  ester  the  mixture  turned  deep  red,  a  pre- 
cipitate was  deposited,  and  there  was  a  considerable  evolu- 
tion of  heat.  It  was  allowed  to  stand  at  ordinary  tempera- 
tures in  a  corked  flask  for  twenty-four  hours,  after  which  it 
was  shaken  with  water  in  a  separating-funnel,  the  oily  layer 
acidified  with  dilute  sulphuric  acid,  and  washed  with  water. 
As  the  viscous  residue  obtained  after  the  evaporation  of  the 
benzol  showed  no  tendency  to  crystallize  even  after  standing 
several  days,  the  benzol  solution  was  distilled  with  steam  to 
remove  the  excess  of  malonic  ester  and  perhaps  other  oily 
impurities.  For  this  purpose  the  benzol  solution  was  boiled 
with  water  in  an  evaporating-dish  for  fifteen  to  twenty 
minutes  with  constant  stirring.  On  cooling,  the  organic  sub- 
stance solidified,  and  was  found  to  be  almost  pure.  Crystal- 
lization from  alcohol  raised  it  without  difficulty  to  the  con- 
stant melting-point,  130°  to  131°,  when  it  was  dried  in  vacuo 
and  analyzed.  It  is  possible  that  a  better  solvent  than  alco- 
hol could  be  found  for  this  substance,  if  it  were  to  be  prepared 
in  quantity,  as  alcohol  brings  about  a  decomposition  of  the 
compound  when  boiled  for  some  time  with  it,  shown  by  a 
darkening  of  the  color  and  a  lowering  of  the  melting-point  by 
about  2°.  This  prevents  the  easy  isolation  of  additional  pure 
material  from  the  alcoholic  mother-liquors. 

I.  0.2455  gram  substance  gave,  on  combustion,  0.2960 
gram  CO,  and  0.0573  gram  H^O. 
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II.  0.2222  gram  substance  gave  0.2632  gram  CO2  and 
0.0432  gram  H^O. 

III.  0.1792  gram  substance  gave,  by  the  Carius  method, 
0-1391  gram  AgCl. 

IV.  0.1816  gram  substance  gave  0.1415  gram  AgCl. 
V.  0.2126  gram  substance  gave  0.1614  gram  AgCl. 

VI.  0.1574  gram  substance  gave  0.1237  gram  AgCl. 

Calculated  for  Found. 

C,Cl2(N02)3CHoCOOC2H5.  I.  II.  III.  IV.  V.  VI. 

C  32.60  32.87    32.30    

H  1.90  2.61       2.18     

CI  19-30  19-19  19.26  18.77  19.43 

The  substance  is  therefore  the  dichlortrinitrophenylacetic 
ester  instead  of  the  expected  malonic  ester.  We  were  unable 
to  determine  whether  the  acetic  ester  was  the  direct  product 
of  the  reaction  or  formed  from  the  substituted  malonic  ester 
during  the  boiling  with  water,  as  all  our  attempts  failed  to 
isolate  the  product  of  the  reaction  without  boiling  it  with 
water.  The  results  of  the  work  of  Carlton  and  one  of  us' 
with  trichlordinitrophenylmalonic  ester  indicate  that  the  acetic 
ester  is  formed  during  distillation  with  steam,  but  they  are 
not  conclusive. 

Properties  of  Dichlortrinitrophenylacetic  Ester, 
C6CIj(NO,)3CH,COOC2H5.— It  crystallizes  in  long,  slender, 
white  prisms,  usually  terminated  by  a  single  plane  at  an 
oblique  angle,  which  are  arranged  in  radiated  groups.  It 
melts  at  130°  to  131°,  and  is  freely  soluble  in  benzol,  chloro- 
form, or  acetone ;  soluble  in  cold  ethyl  or  methyl  alcohol, 
ether,  carbonic  disulphide,  or  glacial  acetic  acid,  more  solu- 
ble in  each  of  thesse  solvents  when  hot ;  slightly  soluble  in 
ligroin  ;  insoluble  in  water.  The  three  strong  acids  have  no 
action  on  it  in  the  cold,  and  hydrochloric  acid  does  not  attack 
it  when  hot  (except  by  long-continued  heating).  Hot,  strong 
nitric  acid  gives  a  yellow  solution  with  it ;  hot  sulphuric  acid 
a  brown  solution.  A  hot,  aqueous  solution  of  sodic  hydrate 
gives  a  red  solution  with  it,  which  undoubtedly  contains  its 
sodium  salt. 

1  This  Journal,  31,  360  (1904). 
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Dianilinotrinitrophenylacetic  Ester, 
Cg(C,H5NH),(NO,)3CH,COOC,H5.— One  gram  of  the  di- 
chlortrinitrophenylacetic  ester  was  treated  with  an  excess  of 
aniline.  The  first  drops  of  the  aniline  gave  a  bright  red  color 
at  once,  but  on  acidification  and  washing  only  a  very  slight 
precipitate  could  be  obtained  from  the  wash-waters  with  ar- 
gentic nitrate.  It  seems  possible,  therefore,  that  this  red 
color  is  due  to  the  aniline  salt  of  the  phenylacetic  ester.  The 
mixture  of  aniline  and  the  substance  was  accordingly  heated 
on  the  steam-bath  for  two  hours,  at  the  end  of  which  time  it 
had  solidified.  After  washing  out  the  excess  of  aniline  with 
dilute  hydrochloric  acid  and  water  it  was  purified  by  crystal- 
lization from  benzol,  when  it  was  found  that  it  coiiibined  with 
2  molecules  of  benzol  to  form  yellow  crystals,  but  if  the  crys- 
tallization took  place  under  ordinary  conditions,  in  addition  to 
these  yellow  crystals  small  red  needles,  free  from  benzol,  were 
deposited.  In  order  to  obtain  only  the  compound  containing 
benzol,  we  proceeded  as  follows  :  Some  of  the  substance  was 
dissolved  in  benzol  with  the  aid  of  heat — it  dissolves  with 
diflSculty  in  the  cold — and  the  solution  cooled  by  immersing 
the  beaker  in  snow.  The  benzol  was  then  evaporated  off  by 
passing  a  current  of  air  over  its  surface,  and  in  this  way  the 
yellow  crystals,  without  a  trace  of  the  red,  were  obtained. 
They  were  dried  on  a  porous  plate,  washed  with  a  little  cold 
benzol,  and  dried  for  analysis  by  exposure  to  the  air  in  a  cold 
place. 

1. 445 1  grams  substance  lost,  at  100°,  0.3829  gram. 

Calculated  for 
C6(C6H5NH)2(NOo)3CH2COOC2H6.2CoH6.  Found. 

CgHg  24.53  26.50 

This  result  is  much  further  from  the  theoretical  number 
than  we  could  wish,  but  it  lies  still  further  from  the  percentage 
calculated  for  a  compound  with  3  molecules  of  benzol  (32.77), 
and,  as  it  represents  an  additional  loss  of  only  about  10  milli- 
grams, an  amount  of  benzol  or  moisture  which  might  easily 
have  been  present  considering  the  imperfect  method  of  drying 
necessary  on  account  of  its  instability,  we  think  there  can  be 
no  doubt   that   the   formula  given  is  correct.     That  the  sub- 
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stance  lost  was  benzol  was  proved  by  heating  a  sample  in  a 
test-tube,  when  a  vapor  was  obtained  recognized  as  benzol  by 
its  smell  and  method  of  burning. 

Properties  of  the  Benzol  Addition-Compound  of  Dianilinotri- 
nitrophenylacetic  Ester. — It  forms  beautiful,  golden-yellow 
crystals,  which  lose  the  benzol  between  20°  and  30°  in  a  few 
hours,  more  rapidly  at  100°.  Owing  to  the  ease  with  which 
the  benzol  is  given  off,  this  substance  melts  at  the  same  tem- 
perature as  the  dianilinotrinitrophenylacetic  ester,  201°. 

The  mixture  of  yellow  and  red  crystals  obtained  in  making 
dianilinotrinitrophenylacetic  ester  was  crystallized  from  ben- 
zol until  it  showed  the  constant  melting-point  201°,  when  it 
was  dried  at  100°  and  analyzed  with  the  following  result : 

0.2527  gram  substance  gave  0.5146  gram  COj  and  0.1067 
gram  H^O. 


Calculated  for 

C6(C6H5NH)2(N02)3CH2COOC2H6. 

Found. 

c 

54-89 

55-54 

H 

3-95 

4-73 

The  result  obtained  is  perhaps  as  near  as  could  be  ex- 
pected, since  the  body  decomposes  explosively  a  few  de- 
grees above  its  melting-point.  To  meet  this  difficulty  the 
substance  was  thoroughly  mixed  with  fine  cupric  oxide  in  a 
copper  boat  about  15  cm.  long,  and  the  heat  was  applied  with 
great  caution.  The  analysis  leaves  no  doubt  as  to  the  for- 
mula of  the  compound. 

Properties  of  Dianilinotrinitrophenylacetic  Ester, 
C,(C,H5NH),(NO,),CH,COOC,H5.— It  crystallizes  from  ben- 
zol at  ordinary  temperatures  in  long,  slender,  red  prisms,  ter- 
minated by  a  single  plane  at  an  oblique  angle,  but  these  prisms 
are  usually  mixed  with  yellow  crystals  of  the  benzol  com- 
pound. It  melts  at  201°,  and  is  freely  soluble  in  acetone  ; 
soluble  in  chloroform  when  cold,  freely  soluble  when  hot ; 
slightly  soluble  in  cold  benzol,  freely  in  hot  ;  slightly  soluble 
in  cold  ether,  carbonic  disulphide,  or  glacial  acetic  acid,  sol- 
uble in  each  of  these  solvents  when  hot  ;  essentially  insoluble 
in  cold  ligroin  or  methyl  alcohol,  soluble  when  hot ;  essen- 
tially insoluble  in  ethyl  alcohol,  slightly  soluble  in  it  when 
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hot ;  insoluble  in  water.  Strong  hydrochloric  acid  has  no 
action  on  it ;  strong  nitric  acid  has  no  action  in  the  cold,  but 
gives  a  yellow  solution  if  hot ;  strong  sulphuric  acid  gives  a 
wine-colored  solution  in  the  cold,  and  chars  it  when  hot. 
Sodic  hydrate  gives  a  yellow  solution  when  hot. 

Saponification  of  Dichlortrinitrophenylacetic  Ester. 

As  our  preliminary  experiments  on  the  action  of  sulphuric 
acid  of  sp.  gr.  1.44  led  to  unsatisfactory  results,  we  used 
strong  hydrochloric  acid  as  the  saponifying  agent.  Five- 
tenths  gram  of  the  dichlortrinitrophenylacetic  ester  were 
heated  with  4  cc.  of  strong  hydrochloric  acid  in  a  sealed  tube 
to  150°  to  160°  over  night.  The  yellowish- white  crj'stalline 
product  was  purified  by  crystallization  from  a  mixture  of  three 
parts  of  alcohol  with  one  of  water,  until  it  showed  the  con- 
stant melting-point  200°  to  201°,  when  it  was  dried  at  100", 
and  analyzed  with  the  following  result : 

I.  0.1442  gram  substance  gave,  by  the  Carius  method, 
0.1382  gram  AgCl. 

II.  0.2060  gram  substance  gave  0.19S6  gram  AgCl. 

Calculated  for  Found. 

CeCloCNOoJsCHa.  I.  II, 

CI  23.99  23.69  23.84 

The  substance  is  therefore  the  dichlortrinitrotoluol, 

C1,3,5-(N0J32,4,6, 

and  we  cannot  find  that  it  has  been  described  as  yet.  Two 
grams  of  the  dichlortrinitrophenylacetic  ester  gave  1.4  grams 
of  the  dichlortrinitrotoluol,  that  is,  87  per  cent  of  the  theo- 
retical yield. 

Properties  of  the  j, 3- Dichlor-2, 4, 6 -trinitrotoluol, 
C6Clj(N0j),CHj. — It  crystallizes  from  dilute  alcohol  in  white, 
long,  slender,  flat  prisms,  terminated  by  one  plane  at  a  sharp 
angle  ;  less  commonly  in  little  crystals  looking  like  elongated 
rhombohedra,  probably  the  same  form  as  the  first  but  not  flat- 
tened. It  melts  at  200°  to  201°,  and  is  freely  soluble  in  ben- 
zol or  acetone ;  soluble  in  cold  chloroform,  freely  soluble  in 
it  when  hot ;  slightly  soluble  in  cold  alcohol,  freely  in  hot  ; 
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slightly  soluble  in  methyl  alcohol,  ether,  ligroin,  carbonic  di- 
sulphide,  or  glacial  acetic  acid  when  cold,  soluble  in  each  of 
these  solvents  when  hot ;  insoluble  in  water.  The  best  sol- 
vent for  it  is  a  mixture  of  three  parts  of  alcohol  with  one  of 
water.  It  is  not  affected  by  the  three  strong  acids,  or  sodic 
hydrate  even  when  hot. 

ChlortrinitrophenyUneaceticmalonic  Ester ^ 
CeCKNOJjCH.COOC.HsCHCCOOC.HJ,.— Five  grams  of  di- 
chlortrinitrophenylacetic  ester  were  dissolved  in  as  little  ben- 
zol as  possible  and  mixed  with  the  sodic  malonic  ester  made 
from  5.2  cc.  of  malonic  ester  and  0.75  gram  of  sodium  pre- 
viously treated  with  30  cc.  of  absolute  alcohol,  that  is,  2  mole- 
cules of  sodic  malonic  ester  to  i  of  the  phenylacetic  ester. 
On  the  addition  of  the  sodic  malonic  ester  the  solution  turned 
dark-claret,  but  there  was  no  perceptible  evolution  of  heat. 
The  mixture  was  allowed  to  stand  over  night  in  a  corked 
flask  at  ordinary  temperatures  when  it  was  found  that  it  had 
taken  on  a  scarlet  color.  It  was  worked  up  by  precipitation 
with  water,  acidifying  the  benzol  solution  with  dilute  sul- 
phuric acid,  washing  again,  and  boiling  for  fifteen  or  twenty 
minutes  with  water  in  an  evaporating  dish  with  constant  stir- 
ring. The  product  solidified  on  cooling,  and  was  purified  by 
crystallization  from  alcohol  until  it  showed  the  constant  melt- 
ing-point 147°  to  148°,  when  it  was  dried  m  vacuo  and  analyzed 
with  the  following  results  : 

0.2569  gram  substance  gave,  on  combustion,  0.3867  gram 
CO2  and  0.0809  gram  H^O. 

Found. 

C  41.06 

H  3.50 

This  analysis  is  not  suflScient  to  establish  the  composition 
of  the  substance  with  certainty,  and,  as  its  insuflSciency  was 
not  recognized  before  the  departure  of  one  of  us  from  Cam- 
bridge, we  are  unable  to  add  the  necessary  analytical  data, 
but,  although  the  nature  of  the  body  cannot  be  stated  with 
certainty,  our  results  lead  to  a  very  probable  formula  for  it 
which  we  have  adopted  provisionally.  The  two  probable 
formulas  for  it  are. 
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I.  CeCl(N0,)3CH,C00C,H,CH(C00C,H,),, 

formed  by  the  replacement  of  a  second  atom  of  chlorine  by 
the  malonic  ester  radical,  and, 

II.  CeCl(N0,)3(CH,C00C,H,)„ 

formed  from  I.  by  saponification,  followed  by  the  removal  of 
carbonic  dioxide.  The  following  table  gives  a  comparison  of 
the  percentages  of  carbon  and  hydrogen  in  Formulas  I.  and 
II.  with  those  found  in  our  analysis  : 


] 

[. 

Found. 

II. 

c 

41 

•54 

41.06 

40.05 

H 

3' 

.67 

3-50 

3-34 

Our  analytical  results  agree  better  with  Formula  I.  than 
with  II,,  but  the  percentage  of  water  is  actually  smaller  than 
that  contained  in  Formula  I.,  where  it  would  be  expected  to 
be  decidedly  higher  in  a  substance  like  this  containing  chlo- 
rine. On  the  other  hand,  the  percentage  of  carbon  found  is  a 
whole  per  cent  above  that  contained  in  Formula  II.,  and,  if 
this  were  due  to  chlorine,  which  had  escaped  absorption,  the 
hydrogen  found  must  have  come  more  than  0.16  per  cent  too 
high.  It  seems  to  us,  therefore,  that  the  more  probable  for- 
mula is  I.,  and  that  the  body  may  be  called  provisionally  the 
chlortrinitrophenyleneaceticmalonic  ester. 

The  yield  was  2.4  grams  of  the  new  substance  from  5  grams 
of  dichlortrinitrophenylacetic  ester,  that  is,  35  per  cent  of  the 
theoretical  yield. 

Properties  of  the  Chlortrinitrophenyleneaceticmalonic  Ester, 
CeCl(NO,)3CH,COOC,H,CH(COOC,H6),.— It  crystallizes  from 
alcohol  in  white,  much-branched  needles,  at  first  arranged  in 
round,  radiating  groups,  which  develop  later  into  forms  like 
birch  rods.  It  melts  at  147°  to  148°,  and  is  freely  soluble  in 
benzol,  chloroform,  or  acetone  ;  soluble  in  cold  ether  or  car- 
bonic disulphide,  freely  soluble  in  them  when  hot ;  soluble  in 
cold  ligroin,  more  soluble  in  hot,  but  not  freely  so  ;  slightly 
soluble  in  ethyl  or  methyl  alcohol  or  glacial  acetic  acid  when 
cold,  soluble  when  hot ;  insoluble  in  water.  The  best  sol- 
vent for  it  is  alcohol.     The  three  strong  acids  have  no  action 
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on  it  in  the  cold,  and  hot  hydrochloric  acid  does  not  affect  it ; 
hot  nitric  acid  forms  a  red  solution  with  it ;  hot  sulphuric 
acid  chars  it.  A  hot  aqueous  solution  of  sodic  hydrate  gives 
a  deep  red  solution  with  it — undoubtedly  the  sodium  salt. 

Attempts  to  saponify  this  substance  in  the  usual  way  with 
sulphuric  acid  led  to  unsatisfactory  results.  With  strong  hy- 
drochloric acid,  at  i6o°  to  170°,  in  a  sealed  tube,  a  well-crys- 
tallized bod)^  was  obtained,  but  we  did  not  have  time  to  pre- 
pare enough  of  it  for  complete  purification.  As  it  melted  in 
an  impure  state  between  215°  and  220°,  there  can  be  little 
doubt  that  it  was  the  expected  5-chlor-2,4,6-trinitroxylol, 
which  melts,  according  to  Klages  and  Knoevenagel,^  at  218°. 

Upon  treating  the  so-called  chlortrinitrophenyleneaceticma- 
lonic  ester  with  sodic  malonic  ester,  sodic  chloride  was  formed, 
but  no  definite  organic  compound  could  be  isolated  from  the 
sticky  black  product. 
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Quantitative  Chemical  Analysis.  By  Dr.  C.  Remigius  Fresenius, 
Director  of  the  Chemical  Laboratory  at  Wiesbaden.  Authorized 
translation  of  the  Sixth  German  Edition,  by  Alfred  I.  Cohn,  Ph.G. 
New  York  :  John  Wiley  &  Sons.  1904.  Svo.  2  Vols.  pp.  xxxiv  + 
2035.      Cloth,  I12.50. 

There  is  surely  no  occasion  here  to  make  any  special  refer- 
ence to  the  many  and  peculiar  excellencies  of  the  last  Ger- 
man edition  of  this  work,  hence  the  reviewer  will  mainly  con- 
fine his  remarks  to  points  in  which  this  translation  appears  to 
differ  from  the  sixth  German  edition. 

In  accordance  with  the  views  of  the  author  of  this  important 
treatise  on  Quantitative  Analysis,  the  translator  presents  a 
judicious  transformation  of  the  out-of-date  terminology  to 
forms  according  with  more  modern  views,  still  retaining  the 
binary  expression  of  the  composition  of  salts ;  what  is  other- 
wise so  well  done  is  marred  by  the  statement  of  the  composi- 
tion of  potassium  nitrate  as  KO  and  NO,,  and  similarly  of 
sodium  nitrate,  a  view  distinctly  not  harmonious  with  the  rest 
of  the  book. 

This  translation  exhibits  less  of  German  idiom  than  does 
the  recent  English  edition  of  this  work,  and  it  has  ge  erally 
omitted  nothing  of  the  original  text.  Leading  the  typ  gives 
a  decided   improvement  in  the  appearance  of  the  pages  over 

1  Ber.  d.  chem.  Ges. ,  28,  2046  (1S95). 
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that  of  the  English  edition,  but  this  change  alone  adds  over  a 
third  to  the  bulk  and  the  cost  of  the  book.  Surely  it  would 
have  improved  the  work  to  have  left  out  the  detail  of  such 
preparations  as  that  of  potassium  permanganate  and  of  hydro- 
fluoric acid,  now  that  these  reagents  are  so  readily  obtainable 
in  sufficient  purity,  the  latter  in  ceresine  bottles. 

The  numberings  of  the  paragraphs  are  unchanged,  and, 
generally,  these  are  thrown  into  an  improved  form,  all  addi- 
tions being  brought  in  under  sub-heads.  Many  valuable  ad- 
ditions to  the  methods  of  determination  have  been  introduced, 
among  which  are :  Penfield's  estimation  of  fluorine,  Rose's 
estimation  of  carbon  dioxide  by  volume,  the  precipitation  of 
zinc  sulphide  in  a  hot  solution,  the  precipitation  of  manganese 
by  bromine  and  ammonia,  the  decomposition  of  silicates  by 
sulphuric  and  hydrofluoric  acids,  Schulze's  estimation  of 
nitric  acid,  and  a  full  and  clear  description  of  basic  acetate 
precipitation.  A  satisfactory  description  of  Dr.  J.  L^awrence 
Smith's  method  of  estimating  alkalies  in  silicates  is  given, 
but,  unfortunately,  this  latter  operation  is  twice  indexed  as  a 
method  of  determining  silica. 

Dr.  Gibbs'  method  of  precipitating  copper  oxide  by  sodium 
carbonate  is  given,  but  there  is  no  mention  of  the  addition  of 
sodium  hydroxide,  which  addition  affords  a  very  satisfactory 
modification  of  this  otherwise  troublesome  process  (see  Proc. 
Am.  Chem.  Soc,  II.,  No.  4). 

The  precipitation  of  alumina  by  ammonia  is  properly  im- 
proved by  shortening  the  time  of  heating,  but  the  use  of  paper 
pulp  to  promote  the  washing  of  this  precipitate  is  not  men- 
tioned. 

Some  excellent  methods  of  procedure  now  in  use  by  analysts, 
which  one  might  have  expected  to  find  here,  have  been 
omitted,  especially  the  ignition  of  some  sulphides  under  hy- 
drogen sulphide,  which  is  to  be  preferred  to  hydrogen,  in  de- 
termining cuprous  sulphide,  lead  sulphide,  cobalt  sulphide, 
zinc  sulphide,  etc.  (Ztschr.  anal.  Chem.,  19.  172). 

Quite  a  number  of  important  modifications  of  older  meth- 
ods have  been  given  in  the  appendix  of  Vol.  II.,  which  one 
would  expect  to  find  in  Vol.  I.  or  at  least  referred  to  there, 
such  as  the  proper  method  of  precipitating  ammonium  mag- 
nesium phosphate,  the  washing  of  "  yellow  precipitate"  with 
diminishing  amounts  of  ammonium  nitrate  in  lieu  of  molyb- 
date  solution.  Dr.  Gooch's  use  of  amyl  alcohol  to  separate 
lithia,  Weller's  method  of  detecting  and  estimating  titanic 
oxide  by  hydrogen  dioxide. 

In   Volume  II.  we  find  also  a  number  of  new  processes 
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given  in  detail,  including  the  following  :  The  use  of  Johnson 
and  Jenkins'  azotometer,  the  methods  of  Clennell  and  of  Handy 
for  zinc,  Gautier's  separation  of  arsenic  according  to  Johnson 
and  Chittenden,  electrolytic  separation  of  lead  by  Hollard  and 
of  copper  by  Gooch,  Oma  Carr's  estimation  of  tannic  acid,  G. 
Tate's  method  for  silica  in  ferro-chrome,  and  a  volumetric  es- 
timation of  manganese  by  F.  W,  Daw.  Dr.  Gibbs'  use  of  a 
comparison  tube  in  measuring  gases  is  described,  also  an  im- 
proved form  of  purifier  for  oxygen  is  mentioned,  which  sug- 
gests the  omission  of  the  very  eflScient  and  compact  apparatus 
devised  for  this  purpose  by  F.  G.  Benedict  (see  this  Journal, 
23»  332)-  There  is  also  given  an  improved  method  of  burn- 
ing carbon  from  iron  in  oxygen,  but  no  notice  has  been  taken 
of  the  excellent  suggestion  of  T.  W.  Hogg  of  the  use  of  a 
mixture  of  ferric  and  cupric  chlorides  for  the  separation  of 
carbon  from  iron  or  steel  (see  Chem.  News,  58,  199). 

When  a  full  table  of  the  strength  of  acetic  acid  by  Oude- 
mans  was  given  on  page  291,  there  does  not  appear  any  reason 
for  the  translator  adding,  on  page  318,  a  similar  table  by 
Mohr,  which  has  less  range  and  is  not  definite  as  to  tempera- 
ture. 

In  the  examples  for  practice,  a  peculiarly  full  and  lucid  de- 
scription is  given  of  the  exact  process  in  the  determination  of 
chlorine  in  sodium  chloride,  which  will  prove  of  much  value 
as  a  lesson  in  accurate  manipulation  to  any  beginner  in  analy- 
sis. 

In  Appendix  I.  we  find  in  full  the  official  methods  of  analy- 
sis of  the  agricultural  chemists,  being  a  reprint  of  Chemistry 
Bulletin  No.  46  of  the  U.  S.  Department  of  Agriculture,  so 
presenting  in  a  convenient  and  permanent  form  data  which 
every  analytical  chemist  should  have  at  hand. 

In  Appendix  II.  we  have  a  reprint  of  the  admirable  paper 
on  mineral  analysis  by  Dr.  W.  F.  Hillebrand,  as  published  in 
Bulletin  No.  176  of  the  U.  S.  Geological  Survey.  This  in- 
cludes quite  a  number  of  the  more  recent  improved  methods, 
to  which,  as  before  noted,  it  would  have  been  well  to  have  re- 
ferred in  the  schemes  given  in  Volume  I. 

The  very  full  index  is  presented  in  a  clear  and  attractive 
form  and  the  work  of  the  printer  is  well  done  throughout  the 
book.  F.  P.  D. 

The  Phase  Rule  and  Its  Applications,  By  Alex.  Findlav,  M.A., 
Ph.D.,  D.Sc,  Lecturer  and  Demonstrator  in  Chemistry,  University 
of  Birmingham  ;  with  an  Introdttction  TO  the  Study  of  Physical 
Chemistry,  by  Sir  William  Ramsay,  K.C.B.,  F.R.S.  New  York  : 
Longmans,  Green  &  Co.  1904.  pp.  313. 
Only  words  of  praise  can  be  spoken  for  this  admirable  little 
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book.  We  have  at  last  a  treatise  on  the  Phase  Rule  in  Eng- 
lish, which  is  clear,  concise,  and  intelligible  to  any  earnest- 
student  of  physical  chemistry.  This  book  compares  favora- 
bly with  the  more  elaborate  treatise  in  German  on  the  same 
subject  by  Roozeboom. 

The  most  important  chapters  are  on  Typical  Systems  of 
One  Component ;  Systems  of  Two  Components — Dissociation ; 
Solutions  of  Gases,  Liquids,  Solids  ;  Systems  of  Three  Com- 
ponents ;  Systems  of  Four  Components. 

The  work  is  prefaced  by  an  introduction  to  Physical  Chem- 
istry by  Sir  William  Ramsay,  which  is  really  a  brief,  histori- 
cal sketch  of  physical  chemistry  from  the  earliest  time.  The 
work  can  be  heartily  recommended  to  every  one  who  wishes 
to  become  familiar  with  the  development  of  this  important 
generalization,  which  we  owe  originally  to  our  distinguished 
countryman,  Willard  Gibbs,  but  which  has  been  developed 
in  the  hands  of  modern  physical  chemists.  h.  c.  j. 

A  Laboratory  Manual  of  Physiological  and  Pathological 
Chemistry  for  Students  in  Medicine.  By  Dr.  E.  Salkowski, 
Professor  in  the  University  and  Director  of  the  Chemical  Laboratory 
of  the  Pathological  Institute,  Berlin.  Authorized  translation  from 
the  second  revised  and  enlarged  German  edition.  By  W.  R.  Orn- 
DORFF,  A.B.,  Ph.D.,  Professor  of  Organic  and  Physiological  Chemis- 
try in  Cornell  University.  First  edition.  New  York:  John  Wiley  & 
Sons.     pp.  263. 

The  translation  of  Salkowski's  Practicum  will  be  welcomed 
by  all  physiological  chemists  who  have  to  do  with  the  teach- 
ing of  the  subject  on  account  of  the  number  of  medical  stu- 
dents who  cannot  read  German  satisfactorily.  Ever  since 
this  work  was  written  it  has  been  the  model  of  laboratory 
manuals  in  physiological  chemistry.  In  some  respects  the 
work  has  not  been  kept  up  to  date,  however.  On  page  49  the 
decomposition  of  hydrogen  peroxide  by  blood  is  spoken  of  as 
the  "so-called  catalytic  action  of  the  blood  pigment."  It 
was  shown  by  Bergengruen,  in  1888,  that  pure  hemoglobin 
does  not  decompose  hydrogen  peroxide,  and  that  the  action  of 
blood  on  hydrogen  peroxide  is  due  to  the  stroma  of  the  red 
blood  corpuscles.  Again,  the  work  of  Schiff  on  the  biuret  re- 
action might  have  been  mentioned,  and  also  the  work  of 
Hopkins  and  Cole  on  tryptophan. 

Again,  Salkowski's  old  method  for  the  separation  of  the 
xanthine  bases  is  given  instead  of  the  far  more  satisfactory 
method  of  Kriiger  and  Salomon,  which  is  now  almost  exclu- 
sively used. 

The  translation  is  clear  and  satisfactory  and  it  deserves  to 
be  largely  used.  A.  s.  i,. 
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ON     CERTAIN     SULPHAMIDO     DERIVATIVES    OF 
FURFURANE.' 

By  H.  B.  Hill  and  J.  P.  Sylvester. 

The  object  of  this  research  was  to  determine  whether  sulph- 
inides  could  be  formed  iu  the  furfurane  series.  Of  the  two 
methods  for  preparing  these  bodies  in  the  aromatic  series, 
that^  by  oxidation  of  orthoraethylsulphamides  was  inadmissi- 
ble here,  because  of  the  instability  of  the  furfurane  ring  to- 
ward oxidizing  agents.  Accordingly,  all  the  work  was  done 
by  the  second  method,^  consisting  in  treating  with  ammonia 
the  chloride  of  an  ortho-^-sulphocarboxyl  acid.  We  have 
studied  in  this  way  three  different  pyromucic  acids,  ^-sulpho- 
(^-methylpyromucic  acid,*   /?-sulpho-d^-chlorpyromucic    acid,* 

1  The  experimental  work  of  this  research  was  carried  on  under  Professor  Hill's 
supervision  several  years  ago,  but  it  has  been  prepared  for  publication  since  his  un- 
timely death.  The  work  described  in  this  paper  formed  part  of  a  thesis  presented 
to  the  Faculty  of  Arts  and  Sciences  of  Harvard  University  for  the  degree  of  Doctor 
of  Philosophy  by  J.  P.  Sylvester.  c.  l.  j. 

-  Remsen  and  Fahlberg  :  This  Journal,  i,  426. 

3  Remsen  and  Fahlberg  :  Ibid.,  1,  437. 

*  Hill  and  Jennings  :  Ibid.,  15,  174  (1893). 

*  Hill  and  Hendrixson  :  Ibid.,  15,  151  (1893). 
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and  /?-sulpho-(5^-brompyromucic  acid.'  Each  of  the  first  two 
of  these  acids  was  treated  with  phosphoric  pentachloride  in 
quantit}'  sufiicient  to  form  the  chloride,  RSO^Cl.COCl,  while 
with  the  third  acid  it  was  necessary  to  use  phosphoric  penta- 
bromide  as  the  chloride  brought  about  a  partial  replace- 
ment of  the  bromine  on  the  furfurane  ring  by  chlorine.  The 
chloride  (or  bromide)  was  then  treated  with  ammonic  hy- 
drate, but  instead  of  obtaining  the  sulphinide,  RCONHSOj, 
as  happens  in  the  benzol  group,  the  result  was  in  every  case 
a  diamide.     ^-Sulphamido-^  methylpyromucamide, 

C,H0CH3.S0,NH,.C0NH„ 

melts  at  196°  to  197°.     /3-Sulphamido-(^-chlorpyromucamide, 

C.HOCl.SO^NHj.CONHj, 

melts  at  212°.     /5-Sulphamido-(J-brompyromucamide, 

C,HOBr.SO,NH,.CONH„ 

melts  at  219°  to  220°. 

With  a  solution  of  baric  hydrate  these  diamides  give  off 
ammonia  even  in  the  cold,  but  instead  of  the  sulphinide 
hoped  for,  a  /5-sulphamidopyromucic  acid  is  formed,  and  the 
acids  thus  obtained  did  not  pass  easily  into  the  sulphinides 
like  the  corresponding  orthosulphamidobenzoic  acids.  On 
the  contrary,  they  remained  essentially  unaltered  even 
when  heated  alone,  or  with  hydrochloric  acid,  or  oxalic  acid. 
Sulphuric  acid  had  no  action  in  the  cold,  but  charred  the  sub- 
stance when  hot.  The  result  of  our  experiments,  therefore, 
is  that  sulphinides  of  the  furfurane  group  are  not  formed  un- 
der conditions  which  produce  them  in  the  benzol  group. 
"Whether  they  can  be  made  under  any  conditions  must  be  left 
to  future  experiments  to  decide. 

The  ^-sulphamido-c^-methylpyromucic  acid, 

C,HOCH3.S02NH,.COOH, 

melts  at  217°  to  218°.  The  yS-sulphamido-(5^-chlorpyromucic 
acid, 

C,H0C1.S0,NH,.C00H, 

1  Hill  and  Sanger  :  Proc.  Am.  Acad.   Sci.,  21,  138  ;  Ann.  Chem.  (Liebig),  232,  42. 
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melts  at  194°  to  195°.  The  ^- sulphamido- (^-brompyromucic 
acid, 

C.HOBr.SO.NH^.COOH, 

melts  at  190°  to  191°.  Several  salts  of  each  of  these  acids  are 
described.  In  making  the  methyl  acid  the  preparation  runs 
essentially  without  secondary  products,  but  with  the  chlor- 
and  bromacids  a  few  per  cent  of  the  diamide  are  decomposed 
with  destruction  of  the  furfurane  ring. 

The  action  of  bromine  and  water  on  these  sulphamidopyro- 
mucic  acids  gave  the  following  substituted  furfuranes  : 

C.HOCHgBr.SO.NH,,  melting-point  123°; 
C,HOClBr.SO,NH„  melting-point  134°  to  135°; 
C,HOBr,.SO,NH,,  melting-point  153^  to  154°. 

Further  treatment  of  these  substances  with  bromine  and 
water  gave  from  the  methyl  compound  sulphoacetacrylic  acid, 

CH3COCHC.COOH.SO3H, 
from  the  two  halogen  compounds  sulphofumaric  acid, 
C,H.S03H(C00H),. 

EXPERIMENTAL  PART. 
Derivatives  of  d-Methylpyromucic  Acid. 

The  pure  methylfurfurol  needed  for  the  preparation  of 
methylpyromucic  acid  was  obtained  by  fractional  distillation 
of  a  large  number  of  impure  samples  of  the  oil  boiling  higher 
than  furfurol  obtained  from  the  distillation  of  wood.  The 
chief  impurities  were  furfurol,  and,  in  much  smaller  amount, 
the  high-boiling  constituents  of  the  crude  furfurol  oil. 

In  the  preparation  of  the  acid  through  the  oxidation  of 
methylfurfurol  by  means  of  argentic  oxide,  the  method  de- 
scribed by  Sawyer^  and  one  of  us  was  followed  essentially.  It 
was  found,  however,  that  it  was  not  necessary  to  wash  the 
argentic  oxide  used  in  the  reaction.  One  hundred  and  ten 
grams  of  argentic  nitrate,  giving  75  grams  of  argen- 
tic oxide,  were  freshly'  precipitated  by  means  of  sodic  hydrate 

'  This  Journal,  20,  171. 
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in  a  two-liter  flask,  the  precipitate  allowed  to  settle,  and  the 
solution  of  sodic  nitrate  decanted.  This  decantation  was 
found  necessar)^  to  prevent  the  serious  bumping  which  oc- 
curred if  all  the  sodic  nitrate  was  left  in  solution  and  boiled  in 
the  oxidation-flask.  To  the  argentic  oxide  were  then  added 
about  15  grams  of  sodic  hydrate  dissolved  in  i  liter  of  water. 
It  was  found  advisable  thus  to  increase  the  amount  of  alkali, 
as  if  II  grams,  the  amount  theoretically  necessary  to  form  the 
sodium  salt  with  all  the  acid  produced,  were  used,  some  silver 
was  found  in  solution  after  filtration.  Thirty  grams  of  methyl 
furfurol  were  now  introduced,  and  the  contents  of  the  flask 
boiled  for  thirty  minutes  with  a  return-condenser.  The 
sodium  salt  was  then  filtered  and  the  methylpyiomucic  acid 
separated  by  means  of  hydrochloric  acid.  The  jneld  varied 
from  88  to  94  per  cent.  As  the  acid  was  somewhat  dark  in 
color,  it  seemed  advisable  to  purify  it  by  the  method  suggested 
by  Jennings  and  one  of  us^  before  converting  it  into  the  sul- 
phonic  acid.  From  all  samples,  therefore,  the  calcium  salt 
was  prepared,  a  dilute  solution  of  which  was  boiled  for  some 
time  with  bone-black  and  then  acidified.  After  this  treat- 
ment the  acid  was  almost  pure  white  and  melted  at  107°  to 
108°,  indicating  a  sufficient  degree  of  purity  for  the  purpose 
at  hand. 

Jennings''  and  one  of  us  have  described  and  analyzed  the 
barium  salt  of  sulphomethylpyromucic  acid.  This  method  of 
preparing  the  salt  was  followed.  Methylpyromucic  acid  was 
slowly  added  to  three  times,  its  weight  of  fuming  sulphuric 
acid  while  the  mixture  was  well  stirred  and  cooled.  The 
viscous  solution  was  allowed  to  stand  twenty-four  hours,  then 
largely  diluted  with  water  and  neutralized  with  baric  car- 
bonate. The  aqueous  solution  of  the  barium  salt  of  the  sul- 
phonic  acid  was  filtered  from  the  baric  sulphate  and  excess  of 
carbonate.  Since  the  potassium  salt  was  desired  as  a  start- 
ing point  for  further  work,  the  barium  was  precipitated  with 
potassic  carbonate  and  the  filtered  solution  evaporated  to 
small  volume,  when,  upon  cooling,  the  potassium  salt  crys- 

1  This  JOURN.^L,  IS,  167  (1893). 
^Ibid.,  15,  175(1893). 
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tallized  out.  The  salt  thus  obtained  was  almost  white,  but 
was  purified  for  the  following  work  by  a  single  recrystalliza- 
tion  from  hot  water.  The  amount  of  potassium  salt  thus  pre- 
pared from  methylpyromucic  acid  was  from  70  to  80  per  cent 
of  the  theoretical  yield.  As  this  salt  has  never  been  de- 
scribed, a  small  amount  of  it  was  purified  for  analysis  by  three 
further  recrystallizations  from  water. 

Potassic  Sulphomethylpyrormicate ,  K2C6H^SOg.2H20. — The 
salt  is  very  readily  soluble  even  in  cold  water,  and  its  solu- 
bility is  somewhat  increased  by  heat.  It  crystallizes  in 
prisms,  usually  long  and  slender,the  opposite  sides  of  which  are 
parallel.  The  ends  are  not  quite  rectangular.  The  air-dried 
salt  contains  2  molecules  of  water  and  begins  to  effloresce 
slowly  over  sulphuric  acid.  Heated  to  130",  the  salt  becomes 
anhydrous  very  quickly.  The  determination  of  the  potas- 
sium was  not  a  very  easy  matter.  It  was  found  difficult  to 
decompose  the  salt  by  means  of  nitric  acid,  sulphuric  acid,  or 
a  mixture  of  the  two  without  loss  by  spattering.  Finally, 
however,  the  analysis  was  carried  through  successfully  by 
oxidizing  the  salt  with  a  comparatively  large  amount  of  nitric 
acid,  6  or  7  cc,  and  applying  heat  very  slowly  and  grad- 
ually. The  nitric  acid  was  followed  by  sulphuric  acid  and 
the  potassium  weighed  as  sulphate,  as  usual. 

I.  1.6032  grams  air-dried  salt  lost,  at  130°,  0.1814  gram 
H,0. 

II.  1.3739  grams  air-dried  salt  lost,  at  130°,  0.1555  gram 
H,0. 

Calculated  for  Found. 

K2C6H4SO8.2H2O.  I.  II. 

H^O  11.30  II. 31  II. 31 

I.  0.5951  gram  salt,  dried  at  130°,  gave  0.3661  gram 
K,SO,. 

II.  0.6201  gram  salt,  dried  at  130°,  gave  0.3800  gram 
K,SO,. 

Calculated  for  Found. 

K2C6H4SO6.  I.  II. 

K  27.72  27.62  27.51 
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fi-Sulphamido-S-methylpyrovtucamide. 

Ten  grams  of  anhydrous  potassic  sulphomethylpyromucate 
were  powdered  and  placed  in  a  small  boiling-flask.  To  this 
was  added  finely  divided  phosphoric  pentachloride  in  the  pro- 
portion of  I  molecule  of  each,  and  the  two  substances  were 
well  mixed  by  shaking.  The  reaction  began  at  once  with  a 
slow  evolution  of  heat  and  partial  liquefaction  of  the  contents 
of  the  flask.  The  flask  was  then  placed  in  an  oil-bath  and 
heat  gradually  applied  till  the  temperature  of  the  bath  reached 
160°,  at  which  point  the  temperature  was  kept  from  two  to 
three  hours.  At  most,  only  a  few  drops  of  phosphoric  oxy- 
chloride  distilled  off.  On  one  occasion,  instead  of  heating  at 
160°,  the  bath  remained  at  120°  for  half  an  hour,  and  the  flask 
stood  in  a  desiccator  over  night.  Under  these  conditions, 
also,  the  reaction  was  complete;  and  the  5'ield  and  purity  of 
the  final  amido  product  were  the  same  as  in  cases  where  the 
phosphoric  pentachloride  was  allowed  to  react  at  the  higher 
temperature.  The  treatment  of  the  double  acid  chloride 
formed  was  the  same  in  all  cases.  The  flask  was  cooled  and 
the  viscous  contents  shaken  out  into  a  beaker  containing 
about  100  cc.  of  cold  water.  The  oily  chloride,  together  with 
the  potassic  phosphate  and  chloride,  were  well  stirred  until 
the  potassium  salts  had  dissolved.  The  emulsion  thus  formed 
was  poured  into  a  separating-funuel,  allowed  to  settle,  and 
further  washed  by  shaking  several  times  with  cold  water, 
which  could  be  done  with  impunity  as  the  double  chloride  did 
not  seem  particularly  reactive  with  water  at  10°  to  15°. 

The  washed  chloride  was  slowly  poured,  drop  by  drop,  into 
the  strongest  ammonic  hydrate,  which  was  vigorously  stirred 
and  cooled  to  a  temperature  of  about  10"  during  the  progress 
of  the  reaction.  The  addition  of  the  chloride  usually  required 
about  an  hour ;  if  too  much  were  added  at  one  time,  the  heat 
developed  was  suflScient  to  cause  an  ebullition  on  the  bottom 
of  the  beaker,  which  was  found  to  indicate  that  the  reaction 
was  going  too  fast,  and  that  if  not  retarded  by  cooling  and 
stirring,  a  dark  product  and  low  yield  would  result.  If  the 
temperature  were  in  the  neighborhood  of  0°  the  reaction  pro- 
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ceeded  very  slowh".  After  all  the  chloride  had  been  added, 
the  beaker  containing  the  ammoniacal  solution  was  allowed 
to  stand  at  the  temperature  of  the  room  for  twenty-four  hours. 
By  the  end  of  this  time  a  large  part  of  the  ammonia  had 
evaporated,  and  more  or  less  of  the  double  amide  had  crystal- 
lized out.  The  solution  was  heated  on  the  steam-bath  until 
all  the  ammonia  was  gone.  Then  hot  water  was  added,  if 
necessary,  in  sufficient  quantity  to  dissolve  all  the  amide,  the 
solution  cooled,  and  the  crystals  separated  from  the  mother- 
liquor  by  filtration.  The  weight  of  sulphamidomethylpyro- 
mucamide  obtained  varied  from  80  to  85  per  cent  of  the  theo- 
retical yield.  It  melted  onlj'  1°  or  so  below  the  melting-point 
of  the  pure  substance,  yet  it  was  invariably  somewhat  dark  in 
color.  This  color  we  failed  to  remove  completely  by  repeated 
crystallizations  from  water,  but  boiling  a  solution  of  the  orig- 
inal product  with  bone-black  yielded  a  substance  which  was 
perfectly  white.  A  small  amount  of  the  pure  white  amide 
was  recrystallized  from  water  several  times  to  purify  it  for 
analysis.  After  the  first  recrystallization  the  melting-point 
was  not  raised,  nor  was  it  changed  if  alcohol  were  used  as  a 
solvent.  The  substance  was  evidently  pure  and  was  therefore 
analyzed  with  the  following  results  : 

I.  0.1998    gram    substance    gave,    on    combustion,    0.2569 
gram  CO^  and  0.0743  gram  HjO. 

II.  0.1915    gram    substance   gave   0.2457    gram    CO,    and 
0.0694  gram  HjO. 

III.  0.21 14  gram  substance  gave  0.2431  gram  BaSO^. 

IV.  0.2 131  gram  substance  gave  0.2453  gram  BaSO^. 

Calculated  for  Found. 

CeHaNoSOi.  I.  II.  III.  IV. 

C  35-27  35-06     35.00       

H  3.95  4-i6       4-05       

S  15-70  15-79    15-82 

fi-Sulphamido-6-methylpyromucamide. — This  substance  melts 
at  196°  to  197°.  It  is  very  readily  soluble  in  hot  water,  spar- 
ingly' in  cold.  Its  aqueous  solution  is  neutral  to  litmus. 
Alcohol  dissolves  it  easily,  but  the  solvent  power  does  not 
changre  with  heat  so  much  as  is  the  case  with  water.     It  is 
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insoluble  in  ether,  carbon  disulphide,  or  benzol,  and  very 
sparingly  soluble  in  chloroform.  From  a  hot  aqueous  solu- 
tion it  crystallizes  in  obliquely  terminated  prisms  which  are 
usually  clustered  and  long  and  slender.  Sometimes,  how- 
ever, they  form  single  and  somewhat  broader  prisms. 

If  the  phosphoric  pentachloride  acts  normally,  a  substance 
like  potassic  sulphomethylpyromucate  would  theoretically  re- 
quire 2  molecules  of  pentachloride  for  each  molecule  of  the 
salt.  It  has  been  found,  however,  as  stated  above,  that  i 
molecule  of  phosphoric  pentachloride  forms  a  chloride  which, 
after  treatment  with  ammonia,  yields  80  to  85  per  cent  of  the 
theoretical  amount  of  amide.  Taking  into  account  the  me- 
chanical losses  due  to  washing  and  separating  the  oily  chlo- 
ride, and  the  amount  of  amide  in  the  mother-liquor,  this  yield 
shows  that  the  formation  of  the  double  chloride  from  the 
potassium  salt  must  have  been  nearly  quantitative,  which  can 
be  explained  by  supposing  that  the  phosphoric  oxychloride 
took  part  in  the  reaction. 

As  it  seemed  of  interest  to  see  what  effect  an  additional 
molecule  of  phosphoric  pentachloride  would  have,  twice  the 
usual  amount  was  tried.  In  this  case  a  considerable  quantity 
of  phosphoric  oxychloride  distilled  over,  the  thermometer  in 
its  vapor  reading  107°,  while  the  bath  was  160°.  In  the 
treatment  of  the  oil  with  water  more  heat  was  developed,  and 
the  oil  and  the  amide  were  darker  than  usual,  but  the  per- 
centage yield  was  exactly  the  same  as  in  the  previous  prepa- 
rations. Obviously,  then,  there  was  nothing  to  be  gained  by 
using  2  molecules  of  phosphoric  pentachloride. 

The  acid  chloride,  which  is  the  product  of  the  phosphoric 
pentachloride  reaction,  is  a  heavy,  viscous  oil,  which  did  not 
solidify  at  0°.  It  was  not  purified  except  by  washing  with 
water,  as  described  above,  and  was  not  analyzed.  In  all  cases 
it  was  converted  immediately  into  the  amide,  which  has  the 
following  formula  : 

C.HOCHj.SO.NHj.CONH,. 

This  product  is  of  interest  because  it  brings  out  a  differ- 
ence in  behavior  between  corresponding  compounds  of  the 
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benzol  and  furfurane  series.  Under  similar  treatment  sulpho- 
benzoic  acid  yields  benzoic  sulphinide,  consequently  the  sub- 
stance expected  was 

C,H.0CH3<         >NH, 

\so/ 

which  differs  from  the  product  obtained  by  i  molecule  of  am- 
monia 

§-Sulphamido-d- methylpyromucic  Acid. 

When  treated  with  solutions  of  alkalies,  the  double  amide 
gave  off  ammonia  even  in  the  cold,  and  this  result  was  ob- 
tained also  with  baric  hydrate.  To  determine  whether  all 
the  nitrogen  was  removed,  or  if  not,  what  was  the  acid  from 
which  the  salt  was  formed,  the  following  experiment  was 
tried  :  Four  and  three-tenths  grams  of  the  double  amide  were 
placed  in  a  flask  and  boiled  for  four  hours  with  baric  hydrate, 
dissolved  in  200  cc.  of  water  in  the  proportion  of  about  2  mole- 
cules of  hydrate  for  each  of  the  amide ;  at  the  end  of  this 
time  no  more  ammonia  was  evolved.  To  collect  the  ammonia 
given  off,  the  condenser  was  connected  by  a  delivery-tube 
with  another  flask  containing  water,  and  the  amount  of  the 
ammonia  given  off  was  approximately  determined  at  the  end 
of  the  reaction  by  titrating  the  contents  of  this  second  flask 
with  a  standard  hydrochloric  acid  solution.  In  this  way  the 
presence  of  0.366  gram  of  ammonia  was  shown,  while  the 
amount  calculated  for  i  molecule  was  0.358  gram.  The  ex- 
cess of  barium  was  precipitated  with  carbonic  dioxide,  and 
the  filtered  solution  evaporated  to  a  rather  small  volume.  On 
cooling,  4.6  grams  of  a  crystalline  substance  were  deposited. 
Qualitative  tests  showed  this  to  be  the  barium  salt  of  an  acid 
containing  nitrogen  and  sulphur.  The  barium  was  precipi- 
tated by  sulphuric  acid,  and  the  filtrate,  upon  evaporation, 
yielded  crystals  which  caused  effervescence  with  carbonates, 
gave  a  solution  strongly  acid  to  litmus,  and  melted  some  20° 
higher  than  the  original  amide.  They,  too,  contained  nitro- 
gen and  sulphur  and,  therefore,  were  either  the  sulphamido 
acid  or  its  anhydride,  the  sulphinide.     Accordingly,  more  of 
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this  acid  was  prepared  from  the  amide  in  a  similar  manner 
except  that  the  boiling  with  baric  hydrate  solution  took  place 
in  an  open  flask,  which  shortened  somewhat  the  time  neces- 
sary to  expel  all  the  ammonia.  The  yield  was  satisfactory, 
as  65  per  cent  of  the  theoretical  amount  of  this  acid  was 
usually  obtained  starting  from  potassic  sulphomethylpyromu- 
cate.  The  barium  salt  was  often  somewhat  colored,  and  was 
purified  before  making  the  acid,  sometimes  by  the  use  of 
boneblack,  which  was  moderately  effective,  and  sometimes  by 
simple  recrystallization.  The  sample  of  acid  used  for  analy- 
sis was  made  from  a  barium  salt  recrystallized  four  times. 
The  acid  itself  was  then  submitted  to  several  crystallizations 
from  water.  Further  recrystallization  of  a  small  amount 
failed  to  alter  the  melting-point.  The  substance  was  there- 
fore dried  in  vacuo  and  analyzed. 

I.  0.2205  gram  substance  gave,  on  combustion,  0.2823 
gram  COj  and  0.0748  gram  H^O. 

II.  0.2198  gram  substance  gave  0.2818  gram  CO,  and 
0.0738  gram  H^O. 

Calculated  for 
C6H7NSO5.  C6H5NSO4.  Found. 

I.  II.  I.  II. 

C  35.10  38.48  34.92  34.96 

H  3.44  2.69  3-79  3-76 

These  analyses  made  it  perfectly  evident  that  the  body  in 
question  was  sulphamidomethylpj^romucic  acid,  I.,  and  not 
its  anhydride,  II. 

ft-Sulphamido-d-meihylpyromucic  Add.  —This  substance 
melts  at  217°  to  218",  and  is  readily  soluble  even  in  cold 
water.  From  a  hot  aqueous  solution  it  crystallizes  generally 
in  clusters  of  long,  slender,  rectangular  prisms.  Occasionally 
these  prisms  are  broadened  and  shortened,  until  at  times  they 
appear  almost  cubical.  The  acid  is  distinctly  more  soluble  in 
cold  alcohol  than  in  water.  It  is  insoluble  in  benzol,  car- 
bonic disulphide,  or  chloroform,  while  in  ether  it  dissolves 
with  diflEiculty. 

In  order  to  learn  whether  there  was  any  tendency  for  this 
acid  to  form  the  anhydride,  it  was  submitted  to  several  differ- 
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ent  treatments  favorable  to  dehydration.  2.5013  grams  air- 
dried  acid  lost  nothing  in  a  desiccator  over  sulphuric  acid  for 
five  days.  2.0442  grams  acid,  dried  over  sulphuric  acid,  lost 
only  0.0007  gram  in  four  hours  at  100°,  and  only  0.0012  gram 
more  when  heated  four  hours  at  160°,  Of  course,  this  total 
loss  of  0.09  per  cent  is  insignificant. 

0.1123  gram  was  placed  in  a  small  test-tube  and  heated  in 
an  oil-bath  at  a  temperature  a  few  degrees  above  the  melting- 
point  of  the  substance  for  half  an  hour.  The  test-tube  was 
allowed  to  cool  in  a  desiccator  and  weighed.  The  acid  lost 
0.0097  gram,  or  8.64  per  cent.  The  loss  calculated  for  i 
molecule  of  water  is  8.78  per  cent.  This  seemed  encouraging, 
but  further  study  led  to  the  conclusion  that  this  agreement 
was  merely  accidental,  and  that  the  loss  in  weight  was  due  to 
decomposition,  not  to  the  formation  of  an  anhydride,  for  the 
substance  had  blackened  very  considerably ;  benzol  and 
chloroform  would  dissolve  nothing,  while  after  treatment  with 
water  and  filtering  from  the  charred  residue,  which  alone  was 
insoluble,  the  original  acid  was  deposited  in  its  characteristic 
crystalline  form. 

A  small  amount  of  the  substance  dissolved  without  black- 
ening in  about  i  cc.  of  strong  sulphuric  acid.  At  the  end  of 
an  hour  it  was  poured  into  twice  its  volume  of  water.  As 
nothing  separated,  the  solution  was  extracted  with  ether,  but 
the  ether  extract  yielded  only  a  small  amount  of  crystals  re- 
sembling the  original  acid,  and  it  was  shown  by  another  ex- 
periment that  the  acid  in  aqueous  solution  could  be  extracted 
with  ether  to  some  extent. 

In  another  trial  the  acid,  dissolved  in  sulphuric  acid,  was 
heated  to  100°  when  a  lively  effervescence  of  sulphurous  di- 
oxide set  in,  accompanied  by  intense  blackening. 

Equally  unsuccessful  was  an  attempt  to  dehydrate  it  by  the 
use  of  a  stream  of  dry  hydrochloric  acid  gas  at  100°  or  120°, 
The  weighed  substance  in  the  bottom  of  a  tared  test-tube  was 
placed  in  an  oil-bath  at  the  desired  temperature,  exposed  to  a 
stream  of  dry  hydrochloric  acid  gas,  and  weighed  at  intervals. 
After  thirty  minutes  of  this  treatment  at  100°  the  loss  was  in- 
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significant,  while  at  120°,  on  the  contrary,  rapid  decomposi- 
tion ensued. 

An  attempt  was  then  made  to  use  a  method  of  dehydration, 
described  by  Fischer,'  by  means  of  which  he  succeeded  in  de- 
hydrating pseudouric  acid  in  a  synthesis  of  uric  acid.  Two- 
tenths  gram  of  sulphamidomethylpyromucic  acid  was  mixed 
with  2  grams  of  powdered  anhydrous  oxalic  acid  in  a  small 
tube  and  heated  in  an  oil-bath  for  twenty-five  minutes  from 
155°  to  185°,  then  ten  minutes  more  at  190°.  The  oxalic  acid 
sublimed  in  large  part,  and  a  small  amount  of  the  substance 
melted  in  the  bottom  of  the  tube.  Upon  cooling,  solvents 
were  tried,  with  the  idea  of  separating  from  the  mass  any  an- 
hydride if  formed,  but  neither  benzol,  chloroform,  nor  carbonic 
disulphide  gave  an  extract. 

From  these  different  experiments  it  seems  necessary  to  con- 
clude that  sulphamidomethylpyromucic  acid  shows  no  ten- 
dency to  form  an  anhydride  of  the  sulphinide  form. 

Baric  Sulphamidoniethylpyromucate ,  Ba(C5HgNS05)j.3H20. 
— This  salt  was  obtained  before  the  free  acid,  as  has  been  de- 
scribed above.  It  is  readily  soluble  in  hot  water,  rather 
sparingly  in  cold,  and  crystallizes  in  prickl}^  spherical  masses 
like  burrs  or  sea-urchins,  made  up  of  very  short,  fine  needles. 
The  air-dried  salt  contains  3  molecules  of  water,  which  are 
given  off  very  slowly  over  sulphuric  acid.  The  salt,  heated 
to  160°,  becomes  anhydrous. 

I.   1.4826  grams  air-dried  salt  gave  0.5757  gram  BaSO^. 

II.  3.6688  grams  air-dried  salt  lost,  at  160°,  0.3289  gram 
H,0. 

III.  2.8468  grams  air-dried  salt  lost,  at  160°,  0.2567  gram 
H,0. 

Calculated  for  Found. 

Ba(C6H6NS06)2.3H20.  I.  II.  III. 

Ba  22.91  22.86         ••..  •••• 

HjO  9.02  ....  8.97         9.02 

I.  0.5205  gram  salt,  dried  at  160°,  gave  0.2257  gram 
BaSO,. 

1  Ber.  d.  chem.  Ges.,  28,  2474. 


Sulphamido  Derivatives  of  Furfurane.  197 

II.  0.4433  gram  salt,  dried  at  160°,  gave  0.1893  gram 
BaSO,. 

Calculated  for  Found. 

BaCCeHeNSOs)".  I.  II. 

Ba  25.18  25.52  25.13 

Calcic  Sulphamidomethylpyromucate  could  not  be  prepared  as 
a  solid,  owing  to  its  extraordinary  solubility  in  water.  Three 
and  three-tenths  grams  of  sulphamidomethylpyromucic  acid 
were  boiled  with  an  excess  of  calcic  carbonate,  and  the  fil- 
tered solution  evaporated  to  a  volume  of  from  3  to  4  cc.  Al- 
though containing  3.5  grams  of  calcium  salt,  the  solution  de- 
posited no  crystals  even  after  standing  in  the  cold  for  twelve 
hours. 

Plumbic  Sulphamidomethylpyromucate,  Pb(C5HgNS05)2. — 
This  salt  was  made  by  boiling  an  aqueous  solution  of  the  acid 
with  plumbic  carbonate.  It  contained  crystal  water,  but  the 
number  of  molecules  was  not  determined  on  account  of  its  ex- 
tremely rapid  efflorescence.  Two  attempts  to  dry  the  salt  as 
rapidly  as  possible  between  filter-paper  under  pressure  gave 
widely  varying  amounts  of  crystal  water.  The  salt,  more- 
over, exposed  to  the  air  of  the  room  could  not  be  made  con- 
stant, as  it  rapidly  gained  or  lost  weight  with  different  condi- 
tions of  temperature  and  humidity.  The  salt,  dried  over  sul- 
phuric acid,  lost  nothing  upon  being  heated  to  160°.  The 
solubility  of  the  salt  is  slight  in  cold  water,  but  is  considera- 
bly increased  by  heat.  It  crystallizes  in  clusters  of  long, 
slender  prisms,  which  rapidly  turn  to  a  powder  when  exposed 
to  the  air.  It  exhibits  a  strong  tendency  to  form  a  basic  salt 
which  is  practically  insoluble  in  water.  For  example,  it  was 
found  impossible  to  recrystallize  the  anhydrous  salt,  as  when 
treated  with  water  it  would  dissolve  but  very  slightly,  a  light 
insoluble  substance  being  formed ;  yet  if  a  small  amount  of 
free  acid  were  added,  solution  easily  took  place.  The  basic 
salt  was  also  formed,  if  evaporation  was  carried  too  far  in 
crystallizing  the  salt. 

I-  0-7595  gram  salt,  dried  at  160°,  gave  0.3737  gram 
PbSO,. 
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II.  0.9240  gram  salt,  dried  at  160°,  gave  0.4546  gram 
PbSO,. 

Calculated  for  Found. 

PbfCeHsN'SOs)^.  I.  II. 

Pb  33.63  33.62  33.61 

A rgeniic Sulphamidomethylpyromucate ,  Ag CgHgN SO5 .  — This 
salt  was  prepared  by  adding  the  calculated  amount  of  argen- 
tic nitrate  to  the  potassium  salt  of  sulphamidomethylpyro- 
mucic  acid.  Both  salts  were  dissolved  in  a  very  small  amount 
of  hot  water  and  allowed  to  stand  in  the  dark  for  twelve 
hours,  at  the  end  of  which  time  an  abundance  of  beautiful 
clusters  of  small,  thin  prisms  had  been  formed.  These  were 
filtered,  dried  by  exposure  to  the  air  of  the  room,  and  were 
evidently  anhydrous,  for  heated  to  100',  the  loss  in  weight 
was  insignificant.  It  was  accompanied,  however,  with  a 
slight  change  of  color  to  brown,  so  that  it  seemed  advisable 
to  caxxy  the  heat  no  higher. 

0.6202  gram  salt  gave  0.3714  gram  AgBr. 

Calculated  for 

AgCeHoNSOa.  Found. 

Ag  34-58  34.40 

Potassic  Sulphaniidomethylpyrojnucate ,  KCgHgNSO^-HjO. — 
This  salt  was  prepared  from  the  calcium  salt,  above  men- 
tioned, by  precipitation  wdth  potassic  carbonate.  It  is  readily 
soluble  in  cold  water,  but  the  solubility  is  considerably  in- 
creased by  heat.  It  crystallizes  in  long,  slender  prisms  with 
oblique  ends,  which  contain  i  molecule  of  water.  These 
show  a  marked  tendency  to  collect  in  clusters.  The  hydrous 
salt  is  permanent  in  the  air,  but  loses  water  ver}'  slowlj^  over 
sulphuric  acid,  and  becomes  anhydrous  when  heated  to  125°, 
increasing  very  considerably  in  volume,  so  that  the  heating 
must  not  take  place  in  too  small  a  dish.  There  are  not  any 
signs  of  decomposition  accompanying  this  phenomenon,  as 
the  salt,  after  being  heated  at  125°  for  seven  hours,  was  per- 
fectly white,  although  very  light  and  powdery. 

I.  2.6050  grams  air-dried  salt  lost,  at  125°,  0.1836  gram 
H,0. 
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II.  2.0205  gram  air-dried  salt  lost,  at   125°,  0.1401   gram 

Calculated  for  Found. 

KCeHeNSOs.HoO.  I.  II. 

H^O  6.89  7.05  6.93 

I.  0.8319  gram  salt,  dried  at  125°,  gave  0.2935  gram 
K,SO,. 

II.  0.6045  gram  salt,  dried  at  125°,  gave  0.2154  gram 
K,SO,. 

Calculated  for  Found. 

KCeHeNSOs.  I.  II. 

K  16.09  15-85  16.00 

ACTION  OF  BROMINE. 

fi-Sulphamido-S  -methylbromfurfurane . 

Bromine  readily  oxidizes  a  cold  aqueous  solution  of  any  of  the 
salts  of  sulphamidomethylpyromucic  acid  with  the  evolution  of 
carbonic  dioxide.  The  principal  product  of  the  reaction  varies 
with  the  amount  of  bromine  used ;  with  i  molecule  it  is 
sulphamidomethylbromfurfurane,  and  the  reaction  is  ex- 
pressed as  follows  : 

CH3.S0,NH,.C,H0C00K  +  Br,     = 

CH3.SO,NH3.C,HBrO  +  KBr  -f  CO,. 

For  the  preparation  of  this  furfurane  compound  a  cold 
saturated  solution  of  the  barium  salt  was  placed  in  a  small 
flask,  and  by  means  of  a  pump  a  slow  current  of  air  was 
drawn  first  through  the  calculated  amount  of  bromine,  and 
then  into  the  solution.  The  speed  of  the  stream  carrying  the 
bromine  vapor  was  regulated  to  a  considerable  degree  by  the 
rapidity  with  which  the  color  of  the  bromine  was  bleached  by 
the  solution.  Two  or  three  hours  generally  elapsed  before 
the  whole  was  added,  and  during  this  time  the  absorption  of 
the  bromine  was  watched  and  made  as  complete  as  possible 
by  frequently  shaking  the  flask  and  retarding  the  air  stream 
if  necessary. 

No  baric  sulphate  was  formed,  as  was  to  be  expected,  from 
what  is  already  known  concerning  the  behavior  of"  bromine 
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toward  substituted  sulphopyromucic  acids,  since  work  done 
by  one  of  us  with  Palmer/  Hendrixson,^  and  Jennings'  has 
shown  that  the  sulpho  group  is  retained,  when  bromine  and 
water  act  on  /5-sulphopyromucic  acids,  but  that  sulphuric 
acid  is  formed  from  (5^-sulphopyromucic  acids  under  these 
conditions. 

Before  a  very  large  part  of  the  bromine  had  been  added  the 
sulphamidomethylbromfurfurane,  which  is  sparingly  soluble 
in  cold  water,  began  to  crystallize  out  of  the  solution,  and 
when  all  the  bromine  had  been  added  this  crystalline  precipi- 
tate was  filtered  from  the  mother-liquor.  The  yields  ob- 
tained in  preparing  this  substance  were  rather  low,  being 
usually  about  50  per  cent  of  the  theoretical  amount.  The 
product  obtained,  however,  was  very  pure,  often  snovz-white, 
with  the  correct  melting-point  without  recrystallization,  and 
always  possessing  less  color  than  the  salt  from  which  it  was 
made.  In  preparing  a  sample  for  analysis  the  first  product 
melted  at  123°.  This  was  recrystallized  twice  from  water 
without  altering  the  melting-point.  (The  substance  often 
melted  under  water  before  dissolving,  but  came  out  of  solu- 
tion in  solid  form.)  A  small  amount  of  the  substance  was 
then  recrystallized  twice  from  chloroform,  but  the  melting- 
ing-point  was  not  changed.  Analyses  gave  the  following  re- 
sults : 

I.  0.2229   gram   substance   gave,    on   combustion,    0.2025 
gram  CO^  and  0.0563  gram  H^O. 

II.  0.2445  gram  substance  gave,   by  the  Carius   method, 
0.1917  gram  AgBr  and  0.2451  gram  BaSO^. 

III.  0.2305  gram  substance  gave  0.1806  gram  AgBr  and 
0.2285  gram  BaSO^. 


Calculated  for 
CsHgNBrSOs. 

I. 

Found. 
II. 

III. 

c 

H 

25.00 
2.52 

24.78 
2.82 

.... 

.... 

Br 

S 

33-30 
13-35 

•  •  •  • 

33-36 
13-77 

33-34 
13.61 

1  This  Journal,  id,  413  (iS 

Ibid.,  IS,  156  (1893). 
^  Ibid.,  IS,  175  (1893). 
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/?-Sulphamido-^-methylbromfurfurane  melts  at  123°.  It  is 
sparingly  soluble  in  cold  water,  much  more  readily  in  hot, 
and  is  a  beautifully  crystalline  substance.  If  a  hot  aqueous 
solution  is  cooled  rapidly,  the  substance  separates  in  broad 
prisms  with  blunt  pointed  ends,  often  in  clusters.  If  the 
solution  is  allowed  to  cool  slowly  these  prisms  are  very  much 
increased  in  length.  It  is  easy,  by  allowing  a  hot  saturated 
solution  to  cool  even  in  a  5-centimeter  watch-glass,  to  obtain 
this  substance  in  very  fine  needles  from  i  to  2  cm.  long.  In 
cold  alcohol  this  furfurane  compound  is  extremely  soluble, 
yet  it  is  possible  to  obtain  crystals  from  an  alcoholic  solution 
which  are  very  different  from  those  just  described,  as  they  are 
short,  irregular  prisms,  sometimes  almost  cubes.  It  is  spar- 
ingly soluble  in  cold  benzol,  or  chloroform,  but  its  solution  is 
considerably  increased  by  heat.  In  the  case  of  ether,  heat 
makes  1  ittledifference  ;  it  is  readily  soluble  in  it  hot  or  cold. 
In  carbonic  disulphide  it  dissolves  with  great  difficulty.  An 
aqueous  solution  of  sulphamidomethylbromfurfurane  is  neu- 
tral to  litmus,  and  does  not  decompose  carbonates,  yet  the 
substance  dissolves  with  great  ease  in  cold,  dilute,  sodic  or 
potassic  hydrate  solutions,  although  sparingly  soluble  in  cold 
water.  No  ammonia  is  given  off  from  such  solutions  even  on 
boiling,  and  mineral  acids  reprecipitate  the  original  sub- 
stance. In  a  rough  quantitative  experiment,  over  75  per  cent 
of  the  compound  used  was  precipitated  by  dilute  sulphuric 
acid  after  five  hours'  boiling  with  a  15  per  cent  sodic  hydrate 
solution.  This  behavior  indicated  that  sulphamidomethyl- 
bromfurfurane possessed  the  properties  of  a  weak  acid,  and 
must  be  capable  of  forming  salts. 

To  a  small  amount  of  the  furfurane  compound,  dissolved  in 
cold  alcohol,  was  added  a  standardized  alcoholic  potash  solu- 
tion in  the  proportion  of  i  molecule  of  each  substance.  In 
the  course  of  a  few  seconds  a  crystalline  precipitate  appeared, 
and  after  standing  a  short  time  this  was  filtered  out  and  dried 
by  pressure  between  filter-paper.  This  body  contained  potas- 
sium and  was  extremely  soluble  in  water,  so  much  so  that  it 
could  not  be  recrystallized  from  an  aqueous  solution,  nor  was 
it  precipitated  bj^  the  addition  of  alcohol.     From  hot  absolute 
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alcohol  it  crystallized  in  irregular,  leafy  plates.  To  an 
aqueous  solution  of  this  potassium  salt  was  added  a  solution 
of  argentic  nitrate,  when  the  silver  salt  separated  as  a  white, 
curdy  precipitate,  which  proved  to  be  practically  insoluble  in 
water.  On  account  of  lack  of  time,  a  more  complete  investi- 
gation of  the  salts  of  this  furfurane  compound  could  not  be 
made.  That  the  hydrogen  in  the  sulphamido  group  is  re- 
placed by  metal  there  can  be  little  doubt,  as  analogous  bodies 
have  been  described  by  Jackson  and  Wing^  and  Wolkow.^ 
Potassic  permanganate  rapidly  oxidizes  sulphamidomethyl- 
bromfurfurane  even  in  the  cold,  but  as  yet  the  products  of  the 
reaction  have  not  been  identified. 

Action  of  Bromine  on  Methylsulphamidobromfurfurane  or  Ac- 
tion of  Bromine  in  Excess  on   Salts  of  Sulphamido- 
methylpyromucic  Acid. 

As  stated  above,  when  a  salt  of  sulphamidomethylpyromucic 
acid  is  treated  with  aqueous  bromine,  the  product  obtained  de- 
pends upon  the  amount  of  bromine  used.  The  furfurane  com- 
pound just  described  is  easily  attacked  b}'  bromine,  so  that  if  a 
sufficient  amount  is  added,  this  first  product  is  decomposed  and 
only  the  results  of  more  complete  oxidation  obtained.  Al- 
though the  products  of  this  secondary  reaction  have  been  ex- 
amined only  in  a  qualitative  way,  little  doubt  is  left  concern- 
ing what  takes  place.  No  sulphuric  acid  is  formed  even  on 
boiling.  If,  however,  the  acid  solution  be  boiled  until  the 
carbonic  dioxide  is  expelled,  and  baric  hydrate  then  added,  a 
heavy,  flocculent  precipitate  is  thrown  down  which  is  soluble 
in  hydrochloric  acid  and  reprecipitated  by  ammonia.  This  is 
undoubtedly  the  barium  salt  of  sulphoacetacrylic  acid, 

CH— CO— CH=C— COOH 

1  .  • 

SO— OH 

since,  under  similar  conditions.  Palmer  and  one  of  us,*  work- 
ing with  (^-brompyromucic  acid,  obtained  baric  sulphofuma- 

1  This  Journal,  9,  3^0  (1887). 

2  Ztschr.  fiir  Chem.,  1870,  323. 

3  This  Journal,  10,  414  (1888). 
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rate.  That  the  NHj  group  is  eliminated  is  shown  by  the  fact 
that  amnionic  bromide  is  found  in  quantity  in  the  filtrate  from 
the  insoluble  barium  salt.  It  is  probable,  moreover,  that  the 
oxidation  does  not  stop  with  the  acetacrylic  derivative,  as  was 
shown  by  the  following  experiment :  A  small  amount  of 
bromine  was  quickly  weighed  in  a  tared  test-tube  partly  full 
of  water,  and  to  this  was  added  a  quantity  of  sulphamido- 
methylpyromucic  acid  (neutralized  with  sodic  carbonate) ,  such 
that  there  would  be  2  molecules  of  bromine  to  each  molecule 
of  the  acid.  Immediately  after  mixing,  the  contents  of  the 
tube  were  well  shaken,  when  there  was  an  immediate  heavy 
precipitate  of  the  bromfurfurane  compound,  which  later  did 
not  dissolve  completely.  The  color  of  the  solution  in  ten 
seconds  became  faint  yellow  and  in  ten  minutes  had  entirely 
disappeared.  At  the  end  of  an  hour  there  was  obtained  by 
filtration  from  the  solution  30  per  cent  of  the  amount  of 
sulphamidomethj'lbromfurfurane,  which  should  be  obtained 
theoretically  from  the  weight  of  acid  used,  under  the  best 
conditions,  that  is  with  i  molecule  of  bromine. 

It  follows  from  this,  as  there  was  so  much  unoxidized  fur- 
furane  compound  that  the  bromine  must  attack  the  acet- 
acrylic derivative  to  a  certain  extent.  On  the  other  hand, 
although  there  was,  as  just  shown,  a  considerable  amount  of 
the  furfurane  body  left  unaltered  after  2  molecules  of  bromine 
had  been  absorbed,  yet  in  the  earlier  experiments,  before  i 
molecule  had  been  introduced  by  the  slow  air-stream,  acet- 
acrylic acid  was  formed,  and  at  the  end  of  the  preparations, 
in  which  i  molecule  of  bromine  had  been  used,  a  considera- 
ble amount  of  acetacrylic  acid  was  always  present.  This 
fact,  of  course,  is  one  reason  for  a  low  yield. 

From  the  above  it  is  seen  that  this  action  of  bromine  upon 
salts  of  sulphamidomethylpyromucic  acid  consists  by  no 
means  in  the  conversion  of  all  the  acid  into  the  furfurane 
body,  and  then  of  this  latter  into  sulphoacetacrylic  acid,  and 
finally  of  the  oxidation  of  this  compound,  but  rather,  that  all 
three  of  these  reactions  are  to  a  certain  extent  progressing  at 
the  same  time.  On  account  of  these  facts,  in  preparing  the 
bromfurfurane,  it  was  convenient,  after  a  large  pare  of  the 
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bromine  had  beeu  added,  to  filter  and  observe  the  action  of 
more  bromine  on  the  filtrate. 

Derivatives  of  8-Monochlorpyrontucic  Acid. 

After  the  completion  of  the  work  already  described  on  de- 
rivatives of  methylp3'romucic  acid,  it  seemed  desirable  to  in- 
vestigate the  behavior  of  other  substituted  pyromucic  acids 
under  similar  treatment.  For  this  purpose  the  preparation  of 
d^-chlorpyromucic  acid,  and  from  it  of  /?-sulpho-^-chlorpyro- 
mucic  acid  was  next  undertaken.  The  monochlor  derivative 
was  made  according  to  the  method  of  I/.  L,.  Jackson  and  one 
of  us.^  Dry  pyromucic  acid  was  dissolved  in  a  flask  in  one 
and  two-thirds  times  its  weight  of  absolute  alcohol,  and  to 
this  solution  was  added  a  quantity  of  sulphuric  acid  (sp.  gr. 
1.84)  equal  in  weight  to  that  of  the  pyromucic  acid  used. 
After  heating  for  four  hours  on  the  steam-bath,  the  mixture 
was  well  cooled  and  then  diluted  with  five  or  six  times  its 
volume  of  ice-cold  water.  The  oil  which  separated  was  thor- 
oughly washed,  first  with  dilute  sodic  carbonate  solution  and 
then  with  water,  cooled  until  it  crystallized,  filtered,  and 
dried  by  exposure  to  the  air.  This  crude  ester  was  then  dis- 
tilled before  treatment  with  chlorine.  The  yield  of  distilled 
ester  amounted  to  from  94  to  97  per  cent  of  the  weight  of  acid 
used.  This  is  an  increase  of  over  10  per  cent  on  the  yield 
which  Jackson  and  one  of  us  obtained.  The  cause  of  this 
was  the  use  of  ice-water  for  the  dilution  of  the  alcoholic  solu- 
tion, and  also  the  fact  that  the  solution  was  well  cooled  with 
ice  during  the  washing  process  and  before  the  filtration  of  the 
crystallized  ester.  Proof  of  this  was  obtained  by  cooling  with 
ice  a  solution  filtered  at  a  higher  temperature,  when  an  addi- 
tional amount  of  ester  was  precipitated. 

For  the  formation  of  the  chlor  acid,  the  ester  was  melted  in 
a  small  tared  flask  and  heated  to  145°  by  means  of  an  oil-bath. 
Through  the  melted  ester  was  passed  a  stream  of  dry  chlo- 
rine. The  flask  containing  the  ester  was  weighed  from  time 
to  time  and  the  process  continued  until  the  ester  had  ab- 
sorbed 30  per  cent  of  its  weight  of  chlorine.     After  cooling,  it 

1  This  Journal,  la,  26  (1890). 
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was  then  slowly  poured  into  three  or  four  times  its  weight  of 
a  very  concentrated  alcoholic  solution  of  sodic  hydrate,  the 
mixture  cooled,  well  stirred,  and  after  standing  several  hours 
the  sparingly  soluble  sodic  chlorpyromucate  was  filtered  off. 
To  recover  the  small  amount  of  sodium  salt  in  solution,  the 
filtrate  was  saturated  with  carbonic  dioxide,  the  sodic  car- 
bonate removed,  and  the  alcoholic  solution  evaporated  to  dry- 
ness. This,  together  with  the  main  portion  of  sodium  salt, 
was  dissolved  in  hot  water  and  the  ^-chlorpyromucic  acid  pre- 
cipitated by  hydrochloric  acid. 

This  crude  acid  melted  at  about  165°,  did  not  crystallize  in 
the  characteristic  leafy  form,  and  therefore  contained  un- 
doubtedly other  chlorpyromucic  acids,  from  which  it  was 
separated  by  a  method  proposed  by  L.  Iv.  Jackson  and  one  of 
us,'  depending  upon  the  fact  that  baric  (5^- chlorpyromucate  is 
much  more  soluble  than  the  barium  salts  of  the  other  chlor- 
pyromucic acids.  The  volume  of  water  necessary  to  keep  in 
solution  the  baric  ^-chlorpyromucate  formed,  and  that  neces- 
sary to  prevent  after  acidification  the  precipitation  of  the 
small  amount  of  dichlor  acids  left  in  the  filtrate,  was  readily 
calculated  from  the  solubility  determinations  made  by  Jack- 
son and  one  of  us.  The  crude  acid  was  suspended  in  water, 
neutralized  with  ammonia,  and  the  solution  of  the  ammonium 
salt  diluted  to  twelve  times  the  weight  of  the  acid  taken. 
One- quarter  of  its  weight  of  crystallized  baric  chloride  was 
then  added,  the  mixture  well  stirred,  and  the  sides  of  the 
beaker  scratched  with  a  rod.  After  the  beaker  had  stood 
twenty-four  hours,  the  sparingly  soluble  barium  salts,  which 
had  precipitated,  were  removed  by  filtration,  and  the  solution 
was  diluted  with  25  per  cent  of  its  volume  of  water,  heated  to 
boiling,  and  the  chlorpyromucic  acid  precipitated  by  acidifi- 
cation. The  acid  thus  obtained,  although  melting  at  168° — 
8°  below  the  proper  melting-point — crystallized  in  the  char- 
acteristic leafy  plates  which  showed  that  it  contained  but  a 
slight  amount  of  impurity.  From  275  grams  of  ester  there 
were  obtained  136.8  grams  of  acid,  or  48  per  cent  of  the  theo- 
retical amount.     A  little  of  the  acid,  twice  recrystallized  from 

'  This  Journal,  12,  27  (1890). 
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benzol,  melted  at  176°,  the  melting-point  of  pure  ^-chlorpyro- 
mucic  acid.  For  the  preparation  of  the  sulphonic  acid,  how- 
ever, it  was  not  thought  necessary  to  recrystallize  the  whole 
amount. 

;8-Sulpho-(5^-chlorpyromucic  acid  was  prepared  as  described 
by  Hendrixson  and  one  of  us.^  (^-Chlorpyromucic  acid  was 
slowly  added  to  four  times  its  weight  of  fuming  sulphuric 
acid,  the  mixture  being  well  stirred  and  cooled.  It  dissolved 
more  quickly  and  with  less  evolution  of  heat  than  methyl- 
pyromucic  acid,  and  the  solution  was  much  lighter  colored  in 
this  case.  The  mixture  was  allowed  to  stand  in  a  desiccator 
twenty-four  hours,  then  largely  diluted  with  water  and  neu- 
tralized with  baric  carbonate,  the  excess  of  wiiich,  together 
with  the  baric  sulphate,  was  removed  by  filtration.  The 
solution  of  the  barium  sulphonate  was  precipitated  with 
potassic  carbonate,  the  baric  carbonate  removed,  and  the  fil- 
tered solution  evaporated  to  very  small  volume.  On  cooling 
this  solution,  the  potassium  salt  crystallized  out.  the  weight 
of  which  amounted  to  nearly  twice  that  of  the  chlorpyromucic 
acid  used,  or  95  per  cent  of  the  theoretical  yield. 
fi-Sulphamido-S  -chlorpyromucamide . 

Potassic  sulpho-(y-chlorpyromucate  is  anhydrous. °  Accord- 
ingly, 25  grams  of  the  powdered  salt  which  had  stood  for 
some  time  over  sulphuric  acid  were  mixed  in  a  small  boiling- 
flask  with  a  little  more  than  2  molecules  of  finely  divided 
phosphoric  pentachloride,  about  38  grams,  the  mixing  of  the 
two  substances  being  accomplished  merel}'  by  shaking  the 
flask.  Heat  was  soon  developed,  and  in  a  short  time  almost 
complete  liquefaction  took  place.  In  order  to  complete  the 
reaction,  however,  the  flask  was  heated  in  an  oil-bath  at  110° 
for  three  hours,  after  which  most  of  the  phosphoric  oxychlo- 
ride  was  distilled  ofi  under  diminished  pressure,  and  when 
the  flask  had  cooled  its  pasty  contents  were  shaken  out  into  a 
beaker  containing  200  cc.  of  cold  water.  The  inorganic  potas- 
sium salts  soon  dissolved  and  the  oil  which  separated  was 
washed  in  a  separating-funnel.     The  phosphoric  oxychloride 

'  This  Journal,  15,  151  (1S93). 
"^  Ibid.,  15,  I54(ii^93)- 
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which  remained  dissolved  in  the  acid  chloride  was  decom- 
posed very  slowly  by  cold  water  and  its  complete  removal  was 
not  attempted,  but  after  several  washings  the  oil  was  con- 
verted directly  into  the  amide  by  dropping  it  slowly  into  a 
beaker  containing  150  cc.  of  ice-cold  strong  ammonia,  the 
mixture  being  well  stirred  as  the  reaction  progressed.  The 
ammoniacal  solution  was  allowed  to  stand  in  a  covered 
beaker  twenty-four  hours.  It  was  then  poured  into  a  shal- 
low crystallizing  dish,  where  it  remained  until  the  ammonia 
had  completely  evaporated.  Hot  water  was  then  added  to 
dissolve  the  solid ,  the  solution  cooled ,  and  the  amide  which  crys- 
tallized out  filtered  off.  This  first  product  usually  contained 
some  ammonic  chloride  and  was  somewhat  dark-colored,  but 
upon  cr3-stallization  and  treatment  with  bone-black  the  salt 
was  colorless  and  free  from  ammonic  chloride.  The  weight 
of  sulphamido-(5^-chlorpyromucamide  thus  obtained  was  about 
12  grams,  or  65  per  cent  of  the  theoretical  amount. 

In  the  case  of  the  corresponding  methyl  compound,  it  will 
be  remembered,  i  molecule  of  phosphoric  pentachloride  was 
used  with  practically  a  quantitative  yield  of  the  acid  chloride. 
In  this  case  i  molecule  was  at  first  tried,  but  the  low  yields  of 
amide  obtained,  together  with  the  presence  of  unaltered 
potassic  sulphochlorpyromucate,  even  after  treatment  with 
phosphoric  pentachloride  for  four  hours  at  160°,  showed  that 
conversion  of  the  potassium  salt  into  the  chloride  was  far 
from  complete.  Two  molecules  were  therefore  used  with 
much  better  results,  as  described  above.  There  was  another 
remarkable  difference  of  behavior  observed  in  the  preparation 
of  these  two  amides.  In  preparing  the  methyl  compound  it 
was  not  necessary  to  wait  for  the  complete  evaporation  of  the 
ammonia  before  dissolving  the  amide.  After  standing 
twenty-four  hours  the  residual  ammonia  was  expelled  by  heat, 
whereas  it  was  found  in  the  case  of  the  chlor  compound  that 
such  treatment  greatly  reduced  the  yield.  In  one  prepara- 
tion the  solution,  which  had  been  allowed  to  stand  for  some 
time  but  which  was  by  no  means  free  from  ammonia,  was 
transferred  to  a  flask  and  immediately  boiled  with  boneblack 
for  some  hours,  and  although  this  was  the  customary  treat- 
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ment  in  the  case  of  the  methyl  compound,  the  jdeld  with  the 
chlor  acid  was  less  than  one- third  the  usual  amount  of  amide. 
Complete  spontaneous  evaporation  of  the  ammonia  at  the 
temperature  of  the  room  gave  the  best  results. 

The  product  obtained  after  treatment  with  boneblack 
melted  at  about  211°  and  retained  a  slight  yellow  color.  For 
analysis  a  few  grams  were  twice  recrystallized  from  water. 
The  amide  then  melted  at  212°.  Further  recrystallization  of 
a  small  amount,  using  alcohol  as  the  solvent,  did  not  alter  the 
melting-point,  nor  did  it  remove  the  trace  of  color.  The 
analyses  gave  the  following  results  : 

I,  0.2042  gram  substance  gave,  on  combustion,  0.1977 
gram  COj  and  0.0487  gram  H^O, 

II.  0.2184  gram  substance  gave  0.2130  gram  CO2  and 
0.0471  gram  H^O. 

III,  0.1902  gram  substance  gave,  by  the  Carius  method, 
0.1194  gram  AgCl  and  0.1993  gram  BaSO^. 

IV.  0.2321  gram  substance  gave  0.2397  gram  BaSO^. 


c 

Calculated  for 
C6H5N2CISO4. 

26.72 

I. 
26.41 

Found. 
II.               III. 

26.60         .... 

H 

CI 

s 

2.24 

15-78 
14,27 

2.67 

2,41 

15-53 
14-39 

14.18 

These  analyses  show  that  the  compound  is  a  double  amide 
corresponding  completely  to  the  methyl  compound  already 
described,  and  not  a  sulphinide  such  as  would  be  formed  by 
the  parallel  reaction  in  the  benzol  series. 

/5-Sulphamido-(5^-chlorpyromucamide  is  very  sparingly  sol- 
uble in  cold  water  or  cold  alcohol,  but  either  of  these  solvents, 
boiling,  dissolves  it  readily,  water  the  more  freely,  still  in  hot 
water  it  is  less  soluble  than  the  corresponding  methyl  com- 
pound. In  chloroform,  ether,  carbonic  disulphide,  or  benzol 
the  substance  is  insoluble.  From  a  hot  aqueous  solution  it 
crystallizes  in  short,  thick  prisms,  usually  with  pointed  ends, 
but  sometimes  rectangular.  If  the  solution  is  allowed  to  cool 
slowly  and  quietly,  the  substance  is  deposited  in  large  clus- 
ters of  exceedingly  short,  stout  needles.     It  melts  at  212°, 
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ft-Sulpkamido-  S-chlorpyromudc  Acid. 

Ammonia  was  evolved  from  this  amide  even  by  the  action 
of  a  cold  solution  of  baric  hydrate,  but  as  the  action  was  slow 
in  the  cold,  the  experiments  were  carried  on  at  the  boiling- 
point.  A  cold,  saturated  solution  of  baric  hydrate  was  mixed 
with  a  quantity  of  the  amide  in  sufficient  volume  to  give  3 
molecules  of  baric  hydrate  to  each  molecule  of  the  amide,  and 
the  solution  was  boiled  for  two  or  three  hours,  at  the  end  of 
which  time  the  amount  of  ammonia  evolved  from  the  solution 
had  become  very  slight,  and  this  seemed  the  best  point  for 
stopping  the  action  as  it  was  found  that  a  boiling  baric  hy- 
drate solution  also  decomposes  the  sulphamido  group  together 
with  the  furfurane  ring,  although  only  to  a  limited  extent. 
That  such  a  decomposition  of  the  ring  was  taking  place  was 
shown  by  the  formation  of  a  precipitate  in  the  solution  as  the 
boiling  continued,  which  was  proved  to  consist  of  baric  sul- 
phite, carbonate,  and  oxalate.  In  order  to  learn  to  what  ex- 
tent this  total  destruction  of  the  molecule  took  place,  this  pre- 
cipitate was  filtered  out,  washed,  and  then  treated  in  a  flask 
with  very  dilute  hydrochloric  acid  and  bromine,  with  due 
care  that  no  sulphurous  dioxide  should  escape.  From  the 
weight  of  baric  sulphate  obtained  it  was  calculated  that  about 
6  per  cent  of  the  amide  was  usually  totally  destroyed.  This 
same  decomposition  was  shown  to  take  place  when  /?-sulpho- 
^-chlorpyromucate  was  boiled  with  baric  hydrate,  and  was 
apparently  more  rapid  in  this  case  than  with  the  sulphamide. 
After  seventeen  hours'  boiling  with  3  molecules  of  baric  hy- 
drate, 5  grams  of  this  barium  salt  gave,  after  the  treatment 
described  above,  1.86  grams  of  baric  sulphate,  which  showed 
that  71  per  cent  of  the  salt  had  been  entirely  decomposed. 
The  filtrate  was  proved  to  contain  considerable  amounts  of 
carbonic  dioxide  and  oxalic  acid. 

The  barium  salt,  which  was  the  principal  product  of  the 
action  of  baric  hydrate  on  the  amide,  was  obtained  as  in  the 
case  of  the  corresponding  methyl  compound.  The  weight  of 
air-dried  salt  amounted  to  one  and  one-fourth  times  that  of 
the  amide  used.     The  loss  of  nitrogen  in  the  form  of  ammo- 
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nia  from  the  double  amide  during  the  formation  of  this  body 
showed  that  it  was  the  salt  either  of  the  sulphinide  or  the 
sulphamido  acid.  A  sample  of  it  was  recrystallized  several 
times,  the  barium  removed  by  precipitation  with  sulphuric 
acid,  and  the  crystals,  which  separated  upon  evaporation  of 
the  filtrate,  still  further  purified  by  recrystallization.  Their 
melting-point  was  194°.  The  substance,  which  was  perfectly 
white,  was  dried  in  vacuo  and  analyzed  with  the  following  re- 
sults : 

I.  0.2178    gram   substance    gave,    on    combustion,    0.2109 
gram  CO^  and  0.0387  gram  H^O. 

II.  0.3152  gram  substance  gave  18.3  cc.  moist  N  at  22°  and 
743  mm.  pressure.^ 

Found. 


Calculated  for 
C5H4NCISO5.        C5H2NCISO4. 

I. 

c 

26.60 

28.91 

26.40 

H 

N 

1.79 
6.22 

0.97 
6.76 

1.99 

6.57 

These  results  prove  that  the  (^-chlor  double  amide,  like  the 
methyl  compound,  gives  with  baric  hydrate  salts  of  sulph- 
amido-(^-chlorpyromucic  acid,  not  of  a  sulphinide,  like  those 
in  the  benzol  series. 

The  sample  of  acid  analyzed  melted,  it  has  been  said,  at 
194°.  A  small  amount  of  the  substance  mixed  with  solid 
baric  hydrate  on  a  watch-glass  and  moistened  with  water  gave 
no  ammonia  that  could  be  detected  with  turmeric  paper,  even 
after  gentle  warming  and  long  standing.  Yet  neither  this 
fact  nor  the  analytic  results  were  considered  sufl&cient  proof 
that  it  was  absolutely  free  from  amide  in  very  small  traces, 
which  might  affect  the  melting-point.  The  case  was  very 
different  from  that  of  the  methyl  compound  where  the  amide 
was  much  more  easily  decomposed,  and  where  a  large  excess 
of  baric  hydrate  could  be  used  without  fear  of  great  reduction 

1  The  nitrogen  determination  given  above  was  made  after  the  usual  fashion  with 
a  tube  filled  with  cupric  oxide.  After  the  analysis  was  well  underway  it  was  noticed 
that  Menschutkin  ("Analytical  Chemistry,"  p.  488)  states  that  the  use  of  plumbic  chro- 
mate  is  necessary  in  the  case  of  substances  containing  sulphur,  to  prevent  the  reduc- 
tion of  carbonic  dioxide  to  its  monoxide  by  the  sulphurous  acid  formed.  The  nitrogen, 
after  it  had  been  measured,  was  accordinglj'  treated  with  cuprous  chloride,  and  as 
this  caused  no  diminution  in  its  volume,  this  accident  had  not  occurred  in  this  case. 
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of  the  yield.  To  find  a  method  for  complete  purification  of 
the  acid  was  not  so  easy,  since  the  amide  was  more  insoluble 
in  alcohol  or  water  than  the  acid  and  in  other  common  sol- 
vents the  acid  was  insoluble.  It  was  found,  however,  some- 
what later,  that  the  potassium  salt  of  this  acid,  although  very 
soluble  in  water,  was  precipitated  from  a  concentrated  aqueous 
solution  by  alcohol,  whereas  the  amide  dissolved  in  water 
cannot  be  precipitated  in  this  way.  A  sample  of  the  potas- 
sium salt,  which  gave  no  ammonia  with  concentrated  baric 
hydrate  in  the  cold,  was  dissolved  in  water  and  precipitated 
by  alcohol.  This  process  was  repeated  five  times.  From 
this  purified  potassium  salt  was  made  the  silver  salt  by  pre- 
cipitation with  argentic  nitrate,  and  this  silver  salt,  being 
sparingly  soluble  in  water,  was  recrystallized  from  rather  a 
large  volume  of  it.  The  free  acid  was  then  separated  by  hy- 
drochloric acid  and  the  melting-point  observed.  It  was  194° 
to  195°.  After  this  thorough  purification  there  was  no  possi- 
bility of  the  presence  of  an  impurity  of  amide.  The  sample 
was,  however,  recr>'stallized  from  water  several  times  with  no 
change  of  the  melting-point.  The  melting-point  of  the  sub- 
stance used  for  analysis  was  consequently  only  a  fraction  of 
1°  low. 

/?-Sulphamido-(J-chlorpyromucic  acid  melts  at  194°  to  195°, 
and  is  readily  soluble  even  in  cold  water  ;  its  solubility,  how- 
ever, is  increased  by  heat.  From  an  aqueous  solution  it  crys- 
tallizes in  rectangular  prisms  which  are  often  slender  and  clus- 
tered. It  is  exceedingly  soluble  even  in  cold  alcohol.  In  ether 
it  dissolves  with  great  difiiculty.  It  is  practically  insoluble  in 
carbonic  disulphide.  chloroform,  or  benzol. 

Although  the  methyl  acid  corresponding  to  this  body  had 
shown  no  tendency  to  form  a  sulphinide,  two  attempts  were 
made  to  dehydrate  this  chlor-substance.  0.2571  gram  of  the 
acid  was  heated  in  a  small  tube  by  means  of  an  oil-bath  for 
half  an  hour  at  a  temperature  of  195'  to  197°,  that  is  just 
above  its  melting-point.  The  substance  blackened  somewhat 
during  this  treatment,  but  crystallized  on  cooling,  and  melted 
only  4°  below  its  original  melting-point.  Carbonic  disulphide, 
chloroform,  or  benzol,  dissolved   mere  traces  of  this  product, 
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as  thej^  did  of  the  original  acid.  The  loss  in  weight,  due 
probably  to  slight  decomposition,  was  only  0.0039  gram,  or 
19  per  cent  of  the  weight  of  i  molecule  of  water.  0.3082 
gram  of  the  substance  contained  in  a  boat  placed  in  a  glass 
tube  was  heated  by  means  of  an  air-bath  to  120°  for  three- 
quarters  of  an  hour,  then  to  170°  for  the  same  length  of  time, 
and  during  the  period  of  heating  a  rapid  stream  of  hydro- 
chloric acid  was  passed  through  the  tube.  A  loss  in  weight 
of  2  milligrams  was  observed  which  amounted  to  only  8  per 
cent  of  a  molecule  of  water.  The  substance  had  turned 
slightly  gray  in  color,  but  its  melting-point  was  unaltered. 
From  this  work  it  is  apparent  that  this  acid  shows  no  more 
tendenc}''  to  lose  water  than  the  methyl  derivative  already  ex- 
amined. 

Baric  Sulphamido-d-chlorpyromucate,  Ba(C5H3NClS05)2. 
3HjO. — This  salt  was  obtained,  as  has  been  said,  by  the  ac- 
tion of  baric  hydrate  directly  upon  the  sulphamidochlorpyro- 
mucic  amide.  It  is  sparingly  soluble  in  cold  water,  readily 
in  hot,  and  crystallizes  from  a  hot  solution  in  masses  of  small, 
fine  needles,  looking  like  burrs.  The  tendency  to  form  these 
aggregations  is  so  great  that  it  is  very  difficult  with  the  micro- 
scope to  see  any  crystalline  form — often  nothing  but  small, 
round  lumps  can  be  seen.  Moreover,  it  is  hard  to  free  from 
mother-liquor  the  crystals  which  are  obtained  from  the  rapid 
cooling  of  a  hot  solution,  as  they  form  a  kind  of  paste  from 
which,  even  with  the  pump,  it  is  impossible  to  remove  the 
liquid.  Better  results  are  obtained  if  the  solution  is  allowed 
to  cool  slowly  and  quietly.  The  salt  containing  3  molecules 
of  water  is  permanent  in  the  air.  It  begins  to  lose  weight 
very  slowly  over  sulphuric  acid,  but  quickly  becomes  anhy- 
drous when  heated  to  110°. 

I.  3.0054  grams  air-dried  salt  lost,  at  110°,  0.2521  gram 
H,0. 

II.  2.0848  grams  air-dried  salt  lost,  at  110°,  0.1759  gram 
H,0. 


H,0 


Calculated  for 
Ba(C5H3NClS05):.3HoO. 

I. 

Found. 

II. 

8-43 

8.39 

8.44 
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I.  0.9188    gram    salt,    dried    at    110°,    gave    0.3660   gram 
BaSO,. 

II.  0.6999    gram    salt,    dried    at    110°,  gave   0.2790   gram 
BaSO,. 


Calculated  for 
a(C5H3NClS05)2. 

I. 

Found. 

II. 

23-43 

23-45 

23.46 

Ba 

Calcic  Sulphamido-6-chlorpyromucaie,  Ca(C5H3NClS05)2. 
6H20(?). — The  calcium  salt  was  made  bj'  boiling  a  solution 
of  the  acid  with  calcic  carbonate  and  evaporating  the  filtrate 
to  very  small  volume.  On  cooling  and  allowing  the  solution 
to  stand  for  some  time  the  salt,  which  is  very  soluble  even  in 
cold  water,  began  to  crystallize  out.  It  crystallizes  in  rec- 
tangular prisms,  often  so  short  as  to  appear  cubical,  which 
sometimes,  strangely  enough,  have  very  slightly  concave 
ends.  The  salt  was  separated  from  the  mother-liquor  by 
rapid  filtration  on  the  pump,  and  remained  in  the  funnel  only 
two  or  three  minutes,  when  it  was  well  dried  by  pressure  be- 
tween filter-paper  and  immediately  pulverized  and  weighed. 
The  weighed  salt,  on  exposure  to  the  air,  lost  weight,  at  first, 
rapidly.  During  the  first  hour  and  a  half  1.8743  grams  of  the 
salt  lost  0.0603  gram,  while  in  the  next  six  hours  the  loss  was 
only  0.0006  gram,  and  after  that  this  rate  of  loss  continued, 
decreasing  somewhat  toward  the  end  of  the  six  weeks  the  ex- 
periment lasted.  As  it  would  have  taken  too  much  time  to 
bring  it  to  a  constant  weight  in  the  air,  it  was  next  tried  over 
sulphuric  acid  when  the  rate  of  loss  was  somewhat  increased, 
but  after  a  few  days  the  substance  was  heated  and  soon  be- 
came constant  in  weight  at  145°,  and,  as  an  analysis  showed, 
anhydrous. 

1.8743  grams  salt,  dried  between  filter-paper,  lost,  when 
heated  to  145°,  0.3368  gram  H^O. 

Calculated  for 
CafC5H3NClS06)2.6Ho0.  Found. 

H,0  18.09  17-97 

This  analysis  does  not  settle  the  amount  of  water  of  crys- 
tallization definitely,  as  it  may  be  that  the  water  lost  so 
rapidly  in  the  first  ninety  minutes  was  not  water  of  crystal- 
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lization  but  hygroscopic  moisture.     In  that  case  the  salt  con- 
tains 5  molecules  of  water. 

Calculated.  Found. 

15.55  15-25 

0.5254  gram  salt,  dried  at  145°,  gave  0.1438  gram  CaSO^. 

Calculated  for 
Ca(C5H3NClS05)2.  Found. 

Ca  8.18  8.05 

Plumbic  Sulphamido-d-chlorpyromucate,  Pb(C5H3NClS05)2. 
HjO. — This  salt  was  made  by  boiling  a  solution  of  the  acid 
with  an  excess  of  plumbic  carbonate,  filtering,  and  evapora- 
ting. It  is  very  sparingly  soluble  in  cold  water,  somewhat 
more  readily  in  hot,  and  does  not  show  a  tendency  to  form  a 
basic  or  insoluble  anhydrous  salt  like  the  corresponding 
methyl  compound.  It  crystallizes  from  a  hot  aqueous  solu- 
tion if  cooled  quickly  in  broad,  flat,  irregular  plates.  If  the 
solution  cools  slowly,  however,  none  of  this  variety  appears, 
but  loose  clusters  of  long,  thin  prisms  are  obtained.  The 
hydrous  salt  was  permanent  in  the  air  and  over  sulphuric 
acid.  Heated  to  140°,  it  lost  a  weight  corresponding  to  i 
molecule  of  water. 

I.  2.8785  grams  air-dried  salt  lost,  at  140°,  0.0804  gram 
H,0. 

II.  3.0959  grams  air-dried  salt  lost,  at  140°,  0.0849  gram 
H,0. 

Calculated  for  Found. 

PbCCsHgNClSOsJa.HaO.  I.  II. 

H^O  2.67  2.79  2.74 

I.  0.6128  gram  salt,  dried  at  140°,  gave  0.2830  gram 
PbSO,. 

II.  0.8652  gram  salt,  dried  at  140°,  gave  0.3958  gram 
PbSO,. 

Calculated  for  Found. 

PbCCsHjNClSOsJo  I.  II. 

Pb  31.53  31.53  31.25 

Argentic  Sulphamido-S-chlorpyromucate,  AgCjHjNClSOg. — 
This  salt  was  made  by  adding  to  a  hot  solution  of  the  potas- 
sium salt  the  calculated  amount  of  argentic  nitrate.     The  salt 
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separated  at  once.  For  analysis  it  was  recrystallized  from  a 
hot  solution.  It  is  sparingly  soluble  in  cold  water,  more 
readily  in  hot,  and  crystallizes  in  rectangular  prisms  and 
plates,  which  are  usually  grouped  together  in  irregularly 
shaped  masses.  The  air-dried  crystals  are  anhydrous,  losing 
no  weight  in  three  hours  at  110°. 

0.4652  gram  air-dried  salt  gave  0.2006  gram  AgCl. 

Calculated  for 
AgCsHgNClSOs.  Found. 

Ag  32.46  32.46 

Potassic Sulphamido- S-chlorpyromucate,  KC5H3NCI SO- .  — This 
salt  was  prepared  by  neutralizing  the  free  acid  with  potassic 
carbonate.  Although  dissolving  freely  in  cold  water  its  solu- 
bility is  increased  by  heat.  It  crystallizes  in  beautiful  rec- 
tangular prisms,  usually  three  or  four  times  as  long  as  broad, 
but  sometimes  these  are  shortened  into  broad  plates,  and  oc- 
casionally become  perfectly  square.  They  are  rarely  grouped 
in  clusters.  A  very  insignificant  loss  in  weight  took  place 
upon  heating  the  air-dried  salt  for  three  hours  at  160°.  It 
was  evidently,  therefore,  anhydrous. 

I.  0.5617  gram  air-dried  salt  gave  0.1830  gram  K2S0^. 
II.  0.7536  gram  air-dried  salt  gave  0.2452  gram  K^SO^. 

Calculated  for  Found. 

KC5H3NCISO5.  I.  II. 

K  14.84  14-63  14.61 

Considerable  diflSculty  was  encountered  in  oxidizing  this 
salt  for  analysis  without  serious  loss  of  substance.  Deter- 
mination (I)  was  made  by  dissolving  the  salt  in  a  mixture  of 
very  dilute  sulphuric  and  nitric  acids  and  slow  evaporation 
on  the  steam-bath,  followed  by  very  careful  heating  with  a 
ring-burner.  In  analysis  (II),  the  salt  was  dissolved  in 
water,  bromine  added  to  precipitate  the  furfurane  compound 
(this  reaction  is  described  below)  and  the  filtrate,  after  driving 
off  the  excess  of  bromine,  evaporated  in  platinum,  followed 
by  treatment  with  sulphuric  acid  in  a  crucible.  This  method 
was  no  more  satisfactory  than  the  first,  as  the  furfurane  com- 
pound which  had  been  dissolved  by  the  necessary  washing 
showed  the  same  tendency  to  spatter  in  burning. 
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Action  of  Bromine  and  Water.     fi-Sulphamido-a^a-chlorbrom- 

furfurane. 

With  bromine,  salts  of  sulphamido-c^-chlorpyromucic  acid 
show  a  behavior  similar  to  that,  already  described,  of  the 
salts  of  the  corresponding  methyl  acid.  With  equal  mole- 
cules of  acid  and  bromine  a  bromf urfurane  compound  is  ob- 
tained with  the  evolution  of  carbonic  dioxide.  Seven  grams 
of  anhydrous  barium  salt  were  dissolved  in  water  and  by 
means  of  a  slow  current  of  air  3.8  grams  of  bromine  were  in- 
troduced. No  baric  sulphate  was  formed.  The  crystalline 
precipitate  was  filtered  from  the  mother-liquor  and  amounted 
to  5.2  grams,  or  85  per  cent  of  the  theoretical  yield.  This 
substance  melted  at  130°  to  131°  and  contained  a  small  amount 
of  sulphamidochlorpyromucamide,  shown  by  the  formation  of 
ammonia  with  baric  hydrate  in  the  cold,  but  this  was  due  to 
the  fact  that  a  sample  of  barium  salt  had  been  used  which 
was  not  entirely  free  from  that  body.  Owing  to  its  insolu- 
bility in  cold  water  and  rapid  increase  of  solubility  with  heat, 
the  furfurane  compound  was  purified  by  two  recrystallizations 
from  large  volumes  of  hot  water,  when  it  melted  at  134°  to 
135°  and  contained  no  amide.  This  melting-point  was  not 
altered  by  two  more  crystallizations  from  hot  water  and  three 
from  chloroform.     The  analyses  gave  the  following  results  : 

I.  0.2062  gram  substance  gave,  on  combustion,  0.1383 
gram  COj,  and  0.0303  gram  H^O. 

II.  0.2468  gram  substance  gave,  by  the  Carius  method, 
0-3145  gram  AgCl  +  AgBr  (which  yielded  0.4455  gram  Agl) , 
and  0.2239  gram  BaSO^. 

Found. 
I.  II. 

18.29  .... 

1.64  .... 

44.39 

13-57 

30.86 

....  12.46 

After  the  Carius  determination  the  mixture  of  argentic 
chloride  and  bromide  was  dissolved  from  the  Gooch  mat  with 


Calculated  for 

C4H3NClBrS03. 

c 

18.42 

H 

1. 16 

Cl  +  Br 

44.29 

CI 

13.61 

Br 

30.68 

S 

12.30 
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a  little  strong  potassic  cyanide  solution,  three  or  four  times 
the  theoretical  amount  of  potassic  iodide  was  added,  after 
which  the  cyanide  was  decomposed,  and  all  the  silver  pre- 
cipitated as  iodide  by  the  addition  of  dilute  sulphuric  acid. 

/?-Sulphamido-a,a-chlorbromfurfurane  melts  at  134°  to  135°. 
It  is  sparingly  soluble  in  cold  water,  readily  soluble  in  hot, 
and  crystallizes  from  a  hot  aqueous  solution  in  clusters  of 
long  needles  even  if  rapidly  cooled  in  a  watch-glass.  If  a 
large  volume  is  allowed  to  cool  slowly,  magnificent,  long 
needles  result.  It  is  extremely  soluble  even  in  cold  alcohol, 
and  it  is  with  diflffculty  that  crystals  can  be  obtained  from  an 
alcoholic  solution.  Such  crystals,  however,  are  very  differ- 
ent in  appearance  from  those  from  the  aqueous  solution,  as 
they  are  small,  irregular,  thick  prisms.  It  is  not  very  solu- 
ble in  ether,  hot  or  cold.  In  hot  chloroform  or  benzol  it  dis- 
solves moderately  freely,  separating  in  the  form  of  fine 
needles  as  the  solution  cools.  Carbonic  disulphide  dissolves 
it  but  sparingly. 

Sulpharaidochlorbromfurfurane,  like  the  methyl  compound 
already  described,  acts  as  a  weak  acid,  being  readily  dis- 
solved by  cold  solutions  of  the  alkalies  and  precipitated  by 
mineral  acids.  The  potassium  salt,  which  is  extremely  solu- 
ble in  water,  was  prepared  by  the  addition  of  alcoholic  potash 
to  the  furfurane  compound  dissolved  in  alcohol.  After  a  few 
minutes  the  salt  crystallized  from  this  solution  and  was  filtered 
out  and  recrystallized  from  absolute  alcohol.  It  separated  in 
shining,  irregular  scales.  An  aqueous  solution  of  argentic 
nitrate  was  added  and  the  silver  salt  was  precipitated  in  the 
form  of  compact  masses  of  small,  fine  needles.  It  is  very  in- 
soluble even  in  hot  water.  These  compounds  were  not  ana- 
lyzed, but  they  undoubtedly  correspond  to  the  salts  prepared 
from  the  methylfurfurane  body  and  probably  have  the  metal 
attached  to  nitrogen  in  the  SO^NH^  group. 

The  formation  of  sulphamidochlorbromfurfurane  from  sulph- 
amidochlorpyromucic  acid  with  i  molecule  Of  bromine  corre- 
sponds to  the  behavior  of  the  methyl  acid  described  above,  and 
this  similarity  also  extends  to  the  action  with  more  bromine, 
as  with  this  the  furfurane  body  in  question  is  oxidized,  no  sul- 
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phuric  acid  is  formed,  and  baric  h5^drate,  after  the  expulsion 
of  the  carbonic  dioxide,  gives  a  heavy,  flocculent  precipitate 
soluble  in  hydrochloric  acid  and  reprecipitated  by  ammonia. 
Although  this  bodj'has  not  been  analyzed,  there  is  no  doubt 
that  it  is  the  baric  sulphofumarate  obtained  first  by  Palmer 
and  one  of  us^  and  later  by  Hendrixson  and  one  of  us.^ 

Derivatives  of  6-Monobrompyromucic  Acid. 

In  making  the  (J-monobrompyromucic  acid  the  method  of 
preparation  given  by  Sanger  and  one  of  us^  was  followed  ex- 
cept in  a  few  details.  Dry  pyromucic  acid  was  treated  with 
the  vapor  of  bromine  at  ioo°.  For  20  grams  of  pyromucic 
acid  a  half-liter  Erlenmeyer  flask  was  used,  provided  with  a 
return-condenser  and  a  drop-funnel,  the  end  of  which  en- 
tered the  mouth  of  a  test-tube  resting  upon  the  bottom  of 
the  flask  and  serving  to  catch  the  liquid  bromine.  The 
bottom  of  this  test-tube  had  been  blown  out  and  flattened  so 
that  more  surface  would  be  heated  for  the  volatilization  of  the 
liquid,  and  a  large  hole  had  been  blown  in  its  side  2  cm.  from 
the  bottom,  through  which  the  bromine  vapor  might  escape. 

The  powdered  acid,  mixed  with  glass  beads  in  order  to  pre- 
sent more  surface  to  the  action  of  the  bromine,  was  placed  on 
the  bottom  of  the  flask  and  heated  on  the  steam-bath.  For 
20  grams  of  acid  36  grams  of  bromine  were  used,  and  its  in- 
troduction required  about  three  hours.  By  the  end  of  two 
more  hours  the  bromine  was  completely  absorbed  ;  the  acid 
was  then  dissolved  in  boiling  water,  and  filtered  in  a  steam- 
funnel.  Upon  cooling,  the  solution  deposited  about  60  per 
cent  of  the  theoretical  amount  of  d-brompyromucic  acid. 
This  first  product  melted  at  about  177°.  In  order  to  free  it 
from  dibrompyromucic  acids  a  method  was  resorted  to  similar 
to  that  employed  for  the  purification  of  the  chlor  compound, 
which  depended  upon  the  insolubility  of  the  barium  salts  of 
the  dibrom  acids.  The  product  was  dissolved  in  forty  times 
its  weight  of  water,  one-tenth  of  its  weight  of  baric  chloride 
added,  the  solution  allowed  to  stand  for  some  time,  and  the 

'  This  Journal,  io,  414  (18S8). 

^Ibid.,  15,  156(1893). 

^  Proc.  Am.  Acad.,  21,  138  ;  Ann.  Chein.  (Liebig-),  232,  42. 
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barium  salts  of  the  sparingly  soluble  dibrom  acids  filtered  off. 
Upon  acidification  of  the  filtrate  the  acid  separated  in  leafy- 
plates  which  melted  at  180°,  and  was  sufficiently  pure  for  the 
preparation  ofthesulphonic  acid.  /J-Sulpho-c^-brompyromucic 
acid  and  its  salts  have  been  made  and  described  by  Palmer 
and  one  of  us.^  Dry  (^-brompyromucic  acid  was  slowly 
stirred  into  three  and  one-half  times  its  weight  of  fuming  sul- 
phuric acid  while  the  beaker  containing  the  mixture  was 
cooled.  Solution  took  place  quickly  and  the  amount  of  color 
developed  was  slight,  as  was  the  case  with  the  ^-chlor  com- 
pound. The  solution  was  allowed  to  stand  twenty-four  hours 
before  dilution;  baric  carbonate  was  then  added  to  neutraliza- 
tion, and  the  filtered  solution  precipitated  with  potassic  car- 
bonate. The  baric  carbonate  was  filtered  off  and  the  solution 
of  the  potassium  salt  evaporated  and  crystallized.  Somewhat 
over  90  per  cent  of  the  theoretical  yield  of  potassium  salt  was 
obtained. 

^Sulphamido-  d-  brompyromucamide . 

It  was  attempted  to  prepare  sulphamido- (^-brompyromuc- 
amide from  potassic  sulphobrompyromucate  by  the  action  of 
phosphoric  pentachloride  and  ammonia,  in  the  same  manner 
in  which  the  corresponding  methyl  and  chlor  compounds  had 
been  made.  One  or  two  attempts  showed  that  while  there 
was  undoubtedly  (J-bromamide  formed,  yet  there  was  also 
produced  in  no  very  small  quantity  the  (^-chlor  compound, 
which  has  already  been  described.  The  presence  of  potassic 
bromide  in  the  reaction  flask,  together  with  the  dark-red 
color  which  the  acid  chloride  assumed  was  enough  to  prove 
that  part  of  the  bromine  in  the  (J'-position  on  the  furfurane 
ring  was  set  free  and  replaced  by  chlorine.  The  product  of 
the  reaction  after  one  recrystallization  was  tested  qualita- 
tively for  chlorine.  About  0.2  gram  of  the  substance  was 
mixed  with  sodic  carbonate  and  potassic  nitrate,  oxidized  in 
a  hot  crucible,  fused  with  potassic  dichromate,  and  submitted 
to  the  chromic  oxychloride  test  for  chlorine.  More  than  a 
trace  was  present.     As  it  would  evidently  be  a  useless  task 

1  This  Journal,  io,  408  (1888). 
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to  attempt  to  purify  this  bromamide,  owing  to  the  similarity  of 
the  properties  of  the  two  bodies,  this  method  of  preparation 
was  abandoned. 

Phosphorous  terbromide  was  next  tried  on  a  small  scale  with 
unsatisfactory  results.  Three  molecules  of  the  potassium  salt 
(3  grams)  were  treated  with  two  of  phosphorous  terbromide 
(1.7  grams)  for  two  hours  at  130°.  After  treatment  with 
water  an  oil  separated  which,  with  ammonic  hydrate,  yielded 
nothing  resembling  the  expected  amide,  but  instead,  0.7  gram 
of  a  light-brown  powdery  substance,  which  was  practically 
insoluble  in  water  and  melted  at  122°.  Unfortunately,  owing 
to  lack  of  time,  this  body  could  not  be  investigated. 

Attention  was  then  turned  to  phosphoric  pentabromide. 
This  substance  was  prepared  from  equal  molecules  of  phos- 
phorous terbromide  and  bromine.  The  bromine  was  allowed 
to  drop  slowly  from  a  burette  into  the  terbromide  contained 
in  a  mortar.  The  mixture  was  well  stirred  at  first  with  a  rod 
and  then  powdered  with  a  pestle  as  it  became  solid.  The 
pentabromide  was  removed  to  a  bottle  and  a  stream  of  dry 
air  passed  through  it  to  remove  any  excess  of  bromine.  Thus 
prepared,  the  pentabromide  remained  dry  and  powdery,  and 
could  be  weighed  out  for  use  with  little  difl&culty.  With  it 
satisfactory  results  were  obtained  by  the  following  method  : 
The  potassium  salt  was  mixed  in  a  dry  boiling-flask  with  a 
little  over  2  molecules  of  pentabromide  and  the  mixture 
heated  in  an  oil-bath.  At  70°  the  contents  of  the  flask  lique- 
fied. The  temperature  was  kept  at  90°  from  two  to  three 
hours,  when  the  flask  was  allowed  to  cool,  and  its  dark-red, 
viscous  contents  poured  into  a  beaker  of  cold  water.  After  a 
vigorous  stirring,  during  which  some  heat  was  developed  by 
the  decomposition  of  the  phosphoric  oxybromide,  the  beaker 
was  cooled  with  water,  whereupon  the  oil  solidified,  and  the 
wash- water  was  removed  by  decantation.  The  bromide  was 
melted  and  stirred  with  water  at  about  30°,  then  cooled  again, 
and  the  water  decanted  from  the  solid.  This  washing  of  the 
bromide  as  an  oil  and  decantation  of  the  wash-water  after 
solidification  was  continued  until  the  solid  bromide  lost  its  red 
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color  and  became  light  ^-ellow  and  the  wash-waters  contained 
no  bromine  and  only  slight  amounts  of  hydrobromic  acid. 

The  treatment  of  the  solid  acid  bromide  with  ammonic  hy- 
drate resembled  in  all  respects  that  of  the  liquid  acid  chloride 
of  chlorpyromucic  acid  recently  described.  The  ammonia 
was  ice-cold,  small  amounts  of  substance  were  slowly  intro- 
duced, the  solution  was  well  stirred  during  the  reaction,  and 
then  allowed  to  stand  until  the  ammonia  had  completely  vola- 
tilized. Upon  treatment  with  hot  water  there  remained  in- 
soluble a  small  amount  of  a  light-brown  substance  which  re- 
sembled the  product  obtained  with  phosphorous  terbromide. 
From  this  the  solution  was  filtered,  evaporated,  and  allowed 
to  cool,  when  it  deposited  the  amide  in  crystalline  form,  the 
weight  of  which  amounted  to  50  per  cent  of  the  theoretical 
yield.  The  melting-point  of  this  product  once  recrystallized 
was  200°  to  201°,  which  was  not  altered  b}' three  recrj'stalliza- 
tions  from  water,  but  the  substance  did  not  fuse  sharply.  A 
sample  was  analyzed  with  the  following  results  : 

I.  0.2072  gram  substance  gave,  on  combustion,  0.1697 
gram  COj  and  0.0360  gram  HjO. 

II,  0.2713  gram  substance  gave,  by  the  Carius  method, 
0.1900  gram  AgBr  and  0.2372  gram  BaSO^. 


Calculated  for 

Found. 

C6H5NoBrS04. 

I. 

II. 

c 

22.30 

22.33 

.... 

H 

1.87 

1-95 

.... 

Br 

29.70 

.... 

29.80 

S 

II. 91 

.... 

12.00 

These  analytic  results  show  that  here  too  a  sulphinide  has 
not  been  obtained,  but  that  the  substance  is  sulphamidobrom- 
pyromucamide.  Yet,  as  the  melting-point  was  not  sharp,  it 
must  have  contained  an  amount  of  impurity  which  could  not 
be  detected  by  analysis,  but  was  sufficient  to  affect  seriously 
the  melting-point. 

As  the  substance  melted  no  more  sharply  after  two  more 
crystallizations  from  water,  alcohol  was  tried  as  a  solvent, 
when,  after  two  crj^stallizations,  the  substance  began  to  melt 
at  201°,  but  was  not  completely  liquefied  until   the  tempera- 
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ture  reached  219°.  Four  more  crystallizations  from  the  same 
solvent  gave  the  melting-point  219°  to  220°,  which  is  undoubt- 
edly the  fusing-point  of  the  pure  substance,  since  it  was  not 
changed  by  two  final  crystallizations.  The  jaeld  of  the  final 
purified  product  was  small.  There  was  enough,  however,  to 
make  a  halogen  determination. 

0.1331  gram  substance  gave,  by  the  Carius  method,  0.0931 
gram  AgBr. 

Calculated  fo- 

C5H6N2BrS04.  Found. 

Br  29.70  29.75 

/?-Sulphamido-(y-brompyromucamide  melts  at  219°  to  220°, 
and  is  sparingly  soluble  in  cold  water  or  alcohol  •  with  heat 
it  dissolves  readily  in  these  solvents.  In  ether,  chloroform, 
carbonic  disulphide,  or  benzol  it  is  insoluble.  From  an 
aqueous  solution  quickly  cooled  it  crystallizes  in  small,  short, 
rectangular  prisms.  If  a  dish  containing  a  hot  solution  is 
allowed  to  cool  slowly,  the  crystallized  substance  presents  a 
peculiar  aspect,  as  it  appears  in  lines  of  hard,  hemispherical 
lumps,  2  or  3  mm.  in  diameter,  clinging  to  the  glass  and 
radiating  from  the  centre  of  the  dish.  Sometimes  with  the 
aid  of  a  lens  short,  thick,  spike-like  points  can  be  seen  pro- 
jecting from  these  masses. 

Since  the  compound  just  described  was  proved  by  analysis 
to  be  analogous  to  the  chlor  and  methyl  double  amides  pre- 
viously investigated,  another  instance  of  difference  in  behavior 
between  benzol  and  furfurane  derivatives  had  been  found. 

^-Sulphamido-d-brotnpyromucic  Acid. 

In  order  to  study  the  behavior  of  this  double  amide  with 
baric  hydrate,  8.3  grams  of  amide  were  boiled  in  a  flask  with 
a  solution  of  baric  hydrate  in  the  proportion  of  3  molecules  of 
hydrate  to  each  molecule  of  the  amide.  The  treatment  was 
continued  three  hours,  during  which  time  the  formation  of  a 
precipitate  occurred  in  the  solution,  showing  decomposition 
of  the  furfurane  ring,  as  was  the  case  in  the  similar  treatment 
of  the  chlor  compound.  At  the  end  of  the  boiling  ammonia 
was   slowly    evolved,    also    showing    decomposition.       The 
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amount  of  baric  sulphite  formed  was  determined  as  before, 
and  showed  total  decomposition  of  7.5  per  cent  of  the  amide. 
The  alkaline  solution,  after  filtration,  was  treated  with  car- 
bonic dioxide,  again  filtered  and  evaporated,  9  grams  of 
barium  salt  crystallized  from  the  solution  on  cooling.  This 
salt  gave  off  no  ammonia  in  one  hour  with  cold  baric  hydrate 
and  was  therefore  free  from  amide.  It  was,  however,  thrice 
recrystallized,  the  barium  precipitated  by  sulphuric  acid,  and 
the  crj^stals  of  acid  obtained  from  the  filtrate  purified  by  re- 
crystallizing  them  six  times  from  water.  After  the  third  time 
the  melting-point  remained  constant  at  190°  to  191°.  The 
substance  was  dried  in  vacuo  and  analyzed  : 

I.  0.2560   gram   substance   gave,    on   combustion,    0.2057 
gram  CO,  and  0.0460  gram  HjO. 

II.  0.1560  gram  substance  gave,   by  the  Carius  method, 
0.1079  gram  AgBr, 


Calculated  for 
CsH^NBrSOs.       CsHoNBrSOi. 
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These  analyses  show  that  the  substance  is  suiphamido- 
brompyromucic  acid  and  not  the  sulphinide.  The  9  grams  of 
barium  salt  obtained  in  the  process  just  described  amounted 
to  80  per  cent  of  the  theoretical  yield. 

/3-Sulphamido-(^-brompyromucic  acid  melts  at  190°  to  191°. 
The  acid  is  readily  soluble  even  in  cold  water,  and  is  ex- 
tremely soluble  in  alcohol.  It  crystallizes  in  long,  thin,  rec- 
tangular prisms,  which  usually  appear  in  clusters  of  slender 
needles.  In  ether  it  is  very  sparingly  soluble,  and  practically 
insoluble  in  chloroform,  carbonic  disulphide,  or  benzol. 

That  it  shows  no  more  tendency  to  form  an  anhydride  than 
did  the  corresponding  methyl  and  chlor  acids  was  made  evi- 
dent by  the  following  work  :  0.1668  gram  of  the  acid  was 
heated  for  three-quarters  of  an  hour  at  193''  to  195°.  The 
substance  blackened  somewhat,  but  crystallized  on  cooling, 
melted  only  4°  below  the  proper  melting-point,  and  the  loss 
in  weight  of  0.0030  gram  corresponded  to  but  27  per  cent  of  a 
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molecule  of  water.  Chloroform,  benzol,  or  carbonic  disul- 
phide  dissolved  nothing  from  the  residue.  The  acid  was 
therefore  practically  unchanged.  Heating  the  substance  for 
two  hours  at  170°  in  a  rapid  current  of  dry  hydrochloric  acid 
gas  had  a  similar  effect.  The  melting-point  was  lowered  4°, 
the  color  of  the  body  changed  from  pure  white  to  a  light 
gray,  and  the  loss  in  weight  amounted  to  only  20  per  cent  of 
I  molecule  of  water. 

Baric  Sulphamido-d-brompyromucate,  Ba(C5H3NBrS05)2. 
3H2O. — This  salt  was  obtained  directly  from  the  amide  by 
the  action  of  baric  hydrate,  as  has  been  described.  It  was 
purified  b)^  recrystallization  from  water.  It  is  very  readily 
soluble  in  hot  water,  sparingly  in  cold.  It  is  deposited  from 
a  hot  solution  in  small,  round  masses  of  fine  needles  looking 
like  sea-urchins.  The  air-dried  salt  is  permanent  in  the  air 
and  contains  3  molecules  of  water,  which  begins  to  escape 
slowly  over  sulphuric  acid.  The  salt  quickly  becomes  an- 
hydrous at  130°.     It  was  analyzed  with  the  following  results  : 

I-  3-0575  grams  air-dried  salt  lost,  at  130°,  0.2308  gram 
H,0. 

II.  2.4456  grams  air-dried  salt  lost,  at  130°,  0.1S38  gram 
H,0. 


Calculated  for                                    Found. 
BaCCsHgNBrSOsJa-sHaO.                I.                              II. 

H,0                    7.41                    7.55                7.51 

I,  0.7015   gram   salt,    dried   at    130°,    gave   0.2428 

gram 

BaSO,. 

II.  0.6371    gram   salt,    dried   at    130^,    gave   0.2206 

gram 

BaSO,. 

Calculated  for                                        Found. 
Ba;C5H3NBrS05)2.                        I.                                  II. 

Ba                 20.34                    20.37                20.38 

The  calcium  salt,  like  that  of  the  corresponding  methyl 
acid,  was  found  to  be  too  soluble  in  water  for  investigation. 
A  solution  of  the  acid,  boiled  with  calcic  carbonate,  filtered, 
and  evaporated  to  very  small  volume,  deposited  nothing  even 
after  several  hours  standing. 
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Plumbic  Sidphamido-S-brompyromtccaie,  PbCCjHgNBrSOs)^. 
2H2O. — This  salt  was  prepared  by  boiling  an  aqueous  solu- 
tion of  the  acid  with  plumbic  carbonate.  The  filtered  solu- 
tion was  evaporated  and  allowed  to  cool,  whereupon  the  salt 
which  is  sparingly  soluble  in  cold  water  began  to  crystallize 
from  the  solution.  It  was  deposited  in  peculiar  shuttle-shaped 
crystals,  usually  short  with  pointed  ends  and  curvnng  sides. 
Occasionally  they  were  longer  with  straight  parallel  sides, 
but  the  ends,  as  before,  curving  and  pointed.  These  crystals 
often  occur  in  clusters.  The  air-dried  salt  was  twice  obtained 
for  analysis  by  crystallization,  contained  2  molecules  of 
water  and  was  permanent  in  the  air.  Once,  a  salt  with  less 
water  was  obtained,  which  was  probably  due  to  crystalliza- 
tion from  solution  at  a  higher  temperature.  The  air-dried 
salt  loses  its  2  molecules  of  water  almost  completely  when 
placed  for  a  few  days  over  sulphuric  acid.  A  very  small  ad- 
ditional loss  in  weight  was  noted  upon  heating  to  145°. 

I-  1-9397  grams  air-dried  salt  lost,  over  sulphuric  acid, 
0.0861  gram,  and  in  addition  0.0015  gram  at  145°. 

II.  1. 8 167  grams  air-dried  salt  lost,  over  sulphuric  acid, 
0,0833  gram,  and  in  addition  0.0003  gram  at  145°. 


Calculated  for                                     Found. 
Pb(C6H3NBrS06)2.2H20.                 I.                                II. 

H2O                                4.61                               4.52                         4.60 

I.  0.5994   gram   salt,    dried    at    145°,    gave    0.2433 
PhSO 

gram 

II.  0.7833    gram   salt,    dried    at    145°,    gave   0.3173 

gram 

PbSO,. 

Calculated  for                                         Found. 
Pb(C5H3NBrS06)2.                         I.                                   II. 

Pb                   27.77                     27.72                 27.67 

Argentic  Sulphamido-d-brompyromucate^  AgC5H3NBrS05. 
i^-HjO. — The  silver  salt  was  prepared  by  the  precipitation  of 
a  concentrated  solution  of  the  potassium  salt  with  argentic 
nitrate.  The  salt  was  dissolved  in  hot  water,  filtered,  and  re- 
crystallized.  It  is  very  sparingly  soluble  in  cold  water,  but 
dissolves  readily  with  heat,  and  crystallizes  in  short,  thick 
prisms  which  are  not  quite  rectangular.     The  air-dried  salt, 
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which  contains  1.5  molecules  of  crystal  water,  is  permanent 
in  the  air,  but  over  sulphuric  acid  slowly  loses  weight,  and 
when  heated  to  110°  quickly  becomes  anhydrous. 

I.  2.2394  grams  air-dried  salt  lost,  at  110°,  0.1476  gram 
H,0. 

II.  1.4611  grams  air-dried  salt  lost,  at  110°,  0.978  gram 
H,0. 

Calculated  for  Found. 

AgCsHgNBrSOe.iiHoO.  I.  II. 

H^O  6.69  6.59  6.69 

0.8050  gram  salt,  dried  at  110°,  gave  0.4006  gram  AgBr. 

Calculated  for 
AgCsHsNBrSOs.  Found. 

Ag  28.62  28.58 

Potassic  Sulphavtido-6-brompyromucate ,  KCjHjNBrSOi.H^O. 
— The  potassium  salt  was  made  by  the  action  of  potassic  car- 
bonate on  the  solution  of  the  calcium  salt  described  above. 
The  filtered  solution  was  evaporated  to  very  small  volume 
when,  upon  cooling,  the  potassium  salt  crystallized  out.  It 
separates  from  solution  in  very  slender,  rectangular  prisms, 
which  are  almost  invariably  loosely  clustered.  The  air-dried 
salt  contains  i  molecule  of  water,  which  it  does  not  lose  over 
sulphuric  acid,  but  it  becomes  anhydrous  when  heated  to  160°. 

I.  2.3727  grams  air-dried  salt  lost,  at  160°,  0.1336  gram 
H,0. 

II,  1.9753  grams  air-dried  salt  lost,  at  160°,  0.1108  gram 
H,0. 


Calculated  for 
KCjHsNBrSOs.HoO. 

Foi 
I. 

md. 

II. 

5-52 

5.63 

5.61 

H,0 

I.  0.6731    gram   salt,    dried   at    160°,    gave    0.1872    gram 
K,SO,. 

II.  0.3930   gram   salt,    dried   at    160°,  gave  0.1113   gram 

Calculated  for  Found. 

KCsHgNBrSOs.  I.  II. 

K  12.70  12.49  12.71 
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Action  of  Bromine  and  Water.      § -Sulphamido- a  ^a-dibromfur- 

furane. 

The  behavior  of  aqueous  bromine  with  the  salts  of  sulph- 
amido-(5'-brompyromucate  is  entirely  analogous  to  its  be- 
havior, already  described,  with  the  salts  of  the  corresponding 
chlor  compound.  Five  grams  of  anhydrous  baric  sulph- 
amido-(^-brompyromucate  were  dissolved  in  water  and  treated 
by  means  of  an  air-stream  with  2.4  grams  of  bromine  vapor — 
I  molecule  for  each  furfurane  ring.  At  the  end  of  two  hours 
the  addition  of  the  bromine  was  completed  and  there  were  fil- 
tered from  the  solution  3.7  grams  of  crystalline  precipitate. 
This  substance  melted  at  148°  to  150°,  and  represented  85  per 
cent  of  the  theoretical  yield  of  the  furfurane  compound.  It 
was  recrystallized  three  times  from  about  200  cc.  of  water. 
After  the  first  crystallization  the  melting-point  was  153°. 5, 
and  neither  the  last  two  crystallizations  from  water  nor 
subsequent  trials  with  benzol  or  chloroform  altered  it.  An 
analysis  gave  the  following  results  : 

I,  0.2135  gram  substance  gave,  on  combustion,  0.1221 
gram  COj  and  0.0245  gram  H2O. 

II.  0.2649  gram  substance  gave,  by  the  Carius  method, 
0-3253  gram  AgBr. 

Calculated  for  Found. 

C4H3NBroS03.  I.  II. 

C  15.74  15.60  

H                     0.99                       1.28  .... 

Br  52.43  52.26 

/3-Sulphamido-a',a'-dibromfurfurane  melts  at  153°. 5.  It  is 
very  insoluble  in  cold  water,  more  readily  soluble  in  hot,  and 
crystallizes  from  a  hot  solution  in  very  long,  thin,  obliquely 
terminated  prisms,  usually  in  clusters.  The  substance  is 
very  soluble  even  in  cold  alcohol,  but  crystallizes  from  a  hot 
solution  in  small,  thick  prisms,  rather  irregular  in  shape.  In 
ether  it  is  somewhat  soluble,  and  also  in  hot  chloroform,  from 
which  it  crystallizes,  on  cooling,  in  fine  needles.  In  hot  ben- 
zol it  is  readily  soluble,  sparingly  in  cold.  The  substance  is 
practically  insoluble  in  carbonic  disulphide. 

The  feeble  acid  properties  of  the  sulphamido  group  appear 
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in  this  compound,  and  it  is  readily  soluble  in  alkalies  and 
precipitated  by  acids.  The  potassium  salt  was  precipitated 
bv  the  addition  of  alcoholic  potash  to  an  alcoholic  solution  of 
the  furfurane  body.  This  salt,  recni-stallized  from  absolute 
alcohol,  appeared  in  beautiful,  shining  scales.  From  an 
aqueous  solution  of  this  the  crystalline  silver  salt  was  precipi- 
tated with  aqueous  argentic  nitrate.  The  potassium  salt  is 
extremely  soluble  in  water,  the  silver  salt  practically  insolu- 
ble. 

Sulphamidodibromfurfurane  was  easily  oxidized  in  cold 
aqueous  solution  by  bromine  with  the  formation  of  the  same 
sulphoiumaric  acid  which  was  obtained  by  th"  oxidation  of 
the  chlorbrom  compound.  After  an  excess  of  bromine  had 
been  added  and  the  carbonic  dioxide  expelled,  it  was  found 
that  sulphuric  acid  was  absent,  but  that  baric  hydrate  pro- 
duced the  voluminous,  flocculent  precipitate,  characteristic  of 
sulphoiumaric  acid. 


Coatribntiona  from  the  Chemical  Laboratory  of  Harvard  College. 

OX  THE  ACTION  OF  POTASSIC  NITRITE  ON  MUCO- 
BROMIC  ESTER.' 

Bt  H.  B.  Hill  akd  O.  F.  Black. 

The  products  formed  by  the  action  of  alkaline  nitrites  upon 
mucobromic  acid,  which  were  first  described  by  Hill  and 
Sanger  in  1S82,  have  been  repeatedly  the  subject  of  investi- 
gation in  this  laboratorN-  during  the  past  few  years.'  A  prod- 
uct of  an  entirely  different  nature,  which  the}-  obtained  by  the 
action  of  potassic  nitrite  upon  ethj'l  mucobromate,  has  not 
been  further  described.  Its  formula  was  shown  at  the  time 
to  be  KCgH^NOj,  but  no  reactions  were  discovered  which  gave 
definite  proof  of  its  structure.  A  few  years  later  Mr.  W.  S. 
Hendrixson  made  a  preliminary  study  of  the  body  and  ob- 
tained some  interesting  results,  but  he  was  unable  to  bring 
the  investigation  to  a  definite  conclusion  before  his  departure 

1  The  work  described  in  this  paper  was  done  under  the  snperxision  of  Professor 
Hill,  bat  tie  paper  was  wiiuen  after  his  untimely  death.  c.  L.  J. 

*  Ber.  d.  chem.  Ges..  15,  1910  (1SS2). 

*  This  JOTKJtAL,  33,  -9 ;  34,  I.    Ber.  d.  chem.  Ges..  33,  1241. 
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from  Cambridge.     We  are  indebted  to  him  for  certain  experi- 
mental material,  which  we  shall  describe  later. 

The  structure  of  the  compound  KC,H,NO,  was  determined 
by  studying  the  action  of  bromine  and  water  upon  it,  which 
decomposed  it,  giving  an  oil  identified  as  dibromnitrometh- 
ane  and  glyoxylic  acid,  which  was  detected  in  the  aqueous 
liquid  by  conversion  into  its  phenylhydrazone  identified  by 
analysis.  As  it  was  possible  that  this  glyoxylic  acid  might 
have  proceeded  from  the  oxidation  of  the  ethyl  group  of  the 
ethyl  mucobromate,  the  experiment  was  repeated  with  the 
corresponding  salt,  KCsH^XOg,  made  from  methyl  mucobro- 
mate, and,  as  this  also  gave  glyoxylic  acid  when  treated  with 
bromine  and  water,  it  follows  that  this  acid  results  from  a 
breaking  up  of  the  molecule  of  the  new  acid.  This  decompo- 
sition proves  that  the  substance  is  potassic  ethylnitromaleate, 
as  shown  by  the  following  reaction  : 

COOC.Hj  CO,   -h  C,H,OH 


NO,C       +  2Br,  -h  2H,0  =  NO.CHBr,  +  KBr  -f  HBr. 


HC  HCO 

I  i 

COOK  COOH 

The  relation  of  this  potassic  ethylnitromaleate  to  the  ethyl 
mucobromate,  from  which  it  is  formed,  is  made  evident  by 
the  following  formulas  : 

COOCjHj  C00C,H5 

I  ! 
BrC                                             N0,C 

II  II 
BrC                                                   HC 

I  I 

HCO  COOK 

The  structure  thus  determined  for  this  compound  was  con- 
firmed by  the  study  of  the  action  of  ammonia  upon  it,  which 
formed  the  amide 

NO,C— CONH, 

II 
HC— COOCXHJ 
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Several  of  the  salts  derived  from  this  amido  acid  were  made 
and  analyzed. 

The  potassic  ethylnitromaleate  is,  in  some  respects,  a  re- 
markably stable  substance,  as  it  was  not  decomposed  even  by 
evaporation  to  dryness  with  strong  hydrochloric  acid,  and  all 
attempts  to  convert  it  into  salts  with  other  metals  than  potas- 
sium failed.  We  did,  however,  succeed  in  making  an  ammo- 
nium and  an  aniline  salt,  the  latter  of  which  was  analyzed. 

When  the  potassic  ethylnitromaleate  in  aqueous  solution 
was  treated  with  baric  hydrate  a  voluminous  precipitate  was 
formed,  which  was  not  the  ethylnitromaleate  but  the  salt  of 
another  acid,  since  the  addition  of  dilute  hydrochloric  acid 
decomposed  it  with  evolution  of  carbonic  dioxide  and  forma- 
tion of  nitrolactic  acid.  Its  formation  from  the  potassic  ethyl- 
nitromaleate on  the  one  hand,  and  its  conversion  into  nitro- 
lactic acid  on  the  other,  indicate  that  it  is  a  basic  baric  nitro- 
malate  formed  by  the  addition  of  water  to  the  nitromaleate, 

COOC.Hs  OC  CO 

I  /    \  I    \  NO.CH, 
NO,C                    /O    HCNO,            NO.CH    Ov  | 

II  Ba<  I  I  >BaHOCH      , 
HC                   ^O    HC— O— Ba— O— CH    O^  | 

1  \    I  \    /  COOH 

COOK  OC  CO 

but  the  percentage  of  barium  in  such  a  salt  is  53.87,  whereas 
our  analyses  gave  results  varying  from  54.68  to  56.45  per  cent 
of  barium.  This,  however,  should  not  lead  to  the  rejection 
of  this  theory,  since  this  excess  of  barium  was  undoubtedly 
caused  by  the  presence  of  some  baric  carbonate,  which  could 
hardly  be  avoided  in  a  precipitate  formed  from  baric  hydrate 
with  the  salt  of  such  an  unstable  acid  and  incapable  from  its 
nature  of  purification.  Another  theory  in  regard  to  this  salt 
was  that  it  consisted  of  a  mixture  of  baric  carbonate  and  baric 
nitrolactate,  which  would  explain  its  behavior  with  acids  as 
well  as  the  theory  that  it  was  a  nitromalate.  To  decide  be- 
tween these  theories  we  determined  the  number  of  molecules 
of  baric  hydrate  necessary  to  form  the  salt  from  each  molecule 
of  potassic  ethylnitromaleate.     If  it  was  a  mixture  of   car- 
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bonate  and  nitrolactate  2  molecules  would  be  necessary  ;  if  it 
was  a  nitromalate,  one  and  a  half.  As  a  matter  of  fact,  1.635 
molecules  of  baric  hydrate  were  found  to  be  necessary.  There 
is  no  doubt,  therefore,  that  the  salt  is  the  basic  baric  nitro- 
malate. 

Nitrolactic  acid  (a-oxy-y3-nitropropionic  acid), 

H,CNO,CHOHCOOH, 

was  formed  by  the  action  of  dilute  hydrochloric  acid  on  the 
basic  baric  nitromalate,  carbonic  dioxide  being  evolved.  The 
composition  of  the  nitrolactic  acid,  which  melts  at  76°  to  77°, 
was  determined  by  its  analysis  and  an  analysis  of  its  silver 
salt.  With  baric  hydrate  the  nitrolactic  acid  formed  a  pink- 
ish-white precipitate,  which  gave  percentages  of  barium  on 
analysis  about  2  per  cent  too  high  for  the  formula 

(CH,N05CH0C00)Ba. 

We  ascribe  these  results  to  a  slight  amount  of  baric  carbonate 
in  the  precipitate,  as  in  the  case  of  the  basic  baric  nitromalate 
discussed  above,  for,  although  the  calculated  amount  of 
barium  would  agree  fairly  with  that  found,  if  we  assumed  the 
formation  of  an  anhydride  by  the  removal  of  i  molecule  of 
water  from  two  of  the  basic  salt,  such  an  assumption  seems 
inadmissible  in  this  case,  because  the  salt  gives  unaltered 
nitrolactic  acid  on  acidification. 

The  acetnitrolactic  acid,  H.CNO^HCOC.HjOCOOH,  and 
its  silver  salt  were  made  and  analyzed. 

The  nitrolactic  acid  contains  an  unsymmetrical  atom  of 
carbon,  and  we  accordingly  studied  its  action  toward  polar- 
ized light.  Our  experiments,  which  did  not  go  beyond  the 
preliminary  stage,  showed  that  an  active  acid  could  be  ob- 
tained which  showed  a  specific  laevo  rotation  of  about  20°. 

The  constitution  of  the  nitrolactic  acid  was  determined  by 
reducing  it  with  tin  and  hydrochloric  acid,  which  converted 
it  into  isoserin  (/?-aminolactic  acid),  CH^NH^CHOHCOOH, 
recognized  by  its  characteristic  copper  salt,^  C3H5O3NCU,  and 
by  a  determination  of  its  solubility  which  agreed  with  that  of 
a  specimen  made  by  us  from  /?-chlorIactic  acid  and  also  with 

1  Emil  Fischer  and  Leuchs  :  Ber.  d.  chem.  Ges.,  35,  37S7  (1902). 
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that  determined  by  Melikoff^  for  isoseriu.     Our  acid  is  there- 
fore the  rtr-oxy-/S-nitropropionic  acid. 

EXPERIMENTAL  PART. 

The  mucobromic  acid  used  in  this  work  was  prepared  by 
the  method  of  Simonis/  that  is,  oxidizing  furfurol  with  water 
and  an  excess  of  bromine.  The  mucobromic  ethyl  ester  was 
made  from  this  by  warming  the  acid  for  several  hours  on  the 
steam-bath  with  about  three  times  its  weight  of  alcohol  con- 
taining 3  per  cent  of  hydrochloric  acid,  after  which  the  ex- 
cess of  alcohol  was  evaporated  off  and  the  residue  poured  into 
cold  water.  The  brown  crystalline  mass  thus  obtained  was 
purified  by  dissolving  it  in  hot  alcohol  and  brin;jing  the  solu- 
tion to  crystallization  by  plunging  it  in  a  freezing-mixture  of 
ice  and  salt.  The  yield  was  90  per  cent  of  the  weight  of  acid. 
The  ester  was  also  made  by  mixing  equal  weights  of  muco- 
bromic acid  and  alcohol  and  strong  sulphuric  acid  and  allow- 
ing the  mixture  to  stand  in  the  cold. 

Potassic  Ethylnitromaleate,  C^NO^HCOOKCOOC^H^.— Fif- 
teen grams  of  the  mucobromic  ethyl  ester  were  dissolved  in 
105  cc.  of  alcohol  mixed  with  42  cc.  of  water,  and  to  this  was 
added  a  solution  of  22  grams  of  potassic  nitrite  also  dissolved 
in  a  mixture  of  105  cc.  of  alcohol  with  42  cc.  of  water.  The 
mixture  was  allowed  to  stand  two  or  three  days,  during  which 
time  light-green  crystals  of  the  salt  were  gradually  deposited, 
which  were  dried  in  vacuo  and  analyzed  with  the  following 
results  : 

I.  0.5028  gram  salt  gave,  on  combustion,  0.5800  gram 
COj  and  0.1264  gram  H^O. 

II.  0.7925  gram  salt  gave,  on  combustion,  0.9134  gram 
COj.  The  water  was  lost.  In  both  these  combustions  the 
salt  was  mixed  with  chromic  oxide. 

III.  0.7358  gram  salt  gave  43.5  cc.  moist  N^  at  20°. 5  and 
759.5  mm.  pressure. 

IV.  0.6381  gram  salt  gave  36.25  cc.  moist  Nj  at  19°  and 
775  mm.  pressure. 

1  Ber.  d.  chem'.  Ges.,  13,  1266. 
"^  Ibid.,  32,  2084  (1899). 
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V.  0.6417  gram  salt  gave  0.2445  gram  KjSO^. 
VI.  0.5091  gram  salt  gave  0.1943  gram  K2S0^. 

Calculated  for  Found. 

KCfiHeNOc.  I.  II.  III.  IV.  V.  VI. 

C  31.71              31.45      31.44       

H  2.64             2.81       

N  6.17             6.47       6.37       

K  17.22 17.10     17.14 

The  yield  of  potassic  ethylnitromaleate  was  60  per  ceut  of 
the  weight  of  mucobromic  ester  taken. 

Properties  of  Potassic  Ethylnitromaleate. — It  crystallizes  in 
colorless,  clustered,  flat  prisms,  which  are  sparingly  soluble 
in  cold  water,  more  readily  in  hot  water,  and  its  solution, 
when  boiled,  develops  an  acid  reaction.  One  part  of  it  dis- 
solves in  21.6  parts  of  water  at  16°.  It  is  somewhat  soluble 
in  boiling  strong  alcohol  and  can  be  recrystallized  from  dilute 
alcohol.  It  is  a  remarkably  stable  body,  since  evaporation 
to  dryness  with  strong  hydrochloric  acid  on  the  steam-bath 
produced  no  appreciable  decomposition  and  all  attempts  to 
make  salts  with  other  metals  from  it  by  double  decomposition 
failed,  although  the  ammonium  and  aniline  salts  were  ob- 
tained. 

The  aniline  salt  was  prepared  as  follows :  Ten  grams  of 
the  potassium  salt  were  treated  with  200  cc.  of  water,  35  cc. 
of  strong  hydrochloric  acid,  and  5.8  grams  of  aniline  dissolved 
in  15  cc.  of  hydrochloric  acid  and  10  cc.  of  water.  The  salt 
was  purified  by  three  recrystallizations  from  alcohol  and 
analyzed  with  the  following  results  : 

I.  0.2278  gram  salt  gave,  on  combustion,  0.4249  gram  COj 
and  0.1086  gram  H^O. 

II.  0.2572  gram  salt  gave  23.1  cc.  moist  N  at  24°  and  771 
mm.  pressure. 

Calculated  for  Found. 

C2HNO2COOC2H6COOHCCH6NH2.  I.  II. 

C  51.07  50.87  

H  4.96  5.30  

N  9.93  ....  10.24 

Potassic  Metkylnitromaleate,  C^NO^HCOOKCOOCHj.— This 
substance  was  made  by  treating  the  mucobromic  methyl  ester 
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with  potassic  nitrite  in  dilute  alcohol  in  the  way  described 
under  the  ethyl  compound. 

I.  0.2470  gram  substance  gave,  on  evaporation  with  strong 
sulphuric  acid,  0.1005  gram  K^SO,. 

II.  0.2505  gram  substance  gave  0.1023  gram  KjSO^. 

Calculated  for  Found. 

C2NO2HCOOKCOOCH3.  I.  II. 

K  18.35  1S.26  18.33 

In  its  properties  it  resembles  the  ethyl  compound  most 
closely. 

Action  of  Bromine  and  Water  on  Potassic  Ethylnitromaleate. 

Ten  grams  of  the  potassium  salt  were  suspended  in  water 
and  a  stream  of  air  saturated  with  bromine  vapor  passed 
through  the  mixture,  until  2  molecules  of  bromine  (14.08 
grams)  had  been  added  for  each  molecule  of  the  salt.  Dur- 
ing this  operation  a  heavy  oil  with  a  penetrating  odor  separa- 
ted from  the  liquid  and  collected  in  drops  at  the  bottom  of  the 
vessel.  After  removing  it  from  the  water  this  was  dried  over 
calcic  chloride  and  distilled  twice,  when  it  boiled  from  158° 
to  163°  with  partial  decomposition.  Its  analysis  gave  the 
following  results  : 

I.  0.3493  gram  oil  gave,  by  the  Carius  method,  0.5874 
gram  AgBr, 

II.  0.3363  gram  oil  gave  0.5638  gram  AgBr. 


Calculated  for 
CHBroNOa. 

] 

Fou 

[. 

ind. 

II. 

73-07 

71 

•56 

71-35 

Br 

The  oil  is  therefore  evidently  dibromnitromethane.  The 
yield  was  good,  as  7.6  grams  were  obtained  from  10  grams  of 
the  potassic  ethylnitromaleate  instead  of  9.65  grams,  that  is, 
78.8  per  cent  of  the  theoretical  yield. 

The  solution  from  which  the  dibromnitromethane  had  been 
obtained  was  freed  from  it  completely  by  neutralization  with 
calcic  carbonate  and  distilling  with  steam  until  no  more  of 
the  oil  passed  over.  The  residue  was  then  slightly  acidified 
with  hydrochloric  acid  and  treated  with  a  solution  of  the  hy- 
drochloride  of  phenylhydrazine  ;  the  precipitate  thus  obtained 
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showed  the  melting-point  136°  to  137°,  which,  although  lower 
than  143°  to  145°,  that  given  by  von  Pechmann  for  the  phenyl- 
hydrazone  or  glyoxylic  acid,  CgH^NHNCHCOOH,  agrees 
well  with  the  melting-points  given  by  other  observers.  That 
it  is  this  phenylhydrazone  is  proved  by  the  following  analy- 
ses : 

I.  0.1945    gram   substance   gave,    on   combustion,    0.4162 
gram  COj  and  0.0923  gram  H^O. 

II.  0.2220  gram  substance  gave  33.1  cc.  N2  at  24°  and  765 
mm.  pressure. 

III.  0.2499  gram  substance  gave  37.2  cc.  N^  at  23°  and  758 
mm.  pressure. 


Calculated  for 
CeHsNHNCHCOOH. 

I. 

Found. 
II. 

c 

H 

N 

58.54 

4.88 

17.08 

58.34 
5.33 

16.83 

16.72 

Glyoxylic  acid  must  therefore  have  been  one  of  the  prod- 
ucts of  the  reaction  of  bromine  on  potassic  ethylnitromaleate, 
which  may  be  written  as  follows  : 

C,NO,HCOOKCOOC,H,  +  2Br,  +  2H,0     = 

CHBr.NO,  -f  C,H,03  -|-  CO,  -f  KBr  +  HBr  +  C.HjOH. 

In  order  to  prove  that  the  glyoxylic  acid  was  one  of  the 
products  of  the  decomposition  of  the  nitromaleic  acid  mole- 
cule and  not  formed  by  oxidation  of  the  ethyl  group  the  ex- 
periment was  repeated  with  the  potassic  methylnitromaleate, 
and  the  glyoxylic  acid  found  in  this  case  also. 

Action  of  Ammonia  on  the  Potassic  Ethylnitrom-aleate. 

Nitromaleic  Amide. — A  portion  of  the  potassium  salt  was 
dissolved  in  a  solution  of  ammonic  hydrate  and  allowed  to 
stand  at  ordinary  temperatures  for  some  hours,  when  it  was 
found  that  a  heavy  precipitate  of  yellowish-white  needles  had 
been  thrown  down,  leaving  but  little  organic  matter  in  the 
solution.  These  crystals  consisted  of  a  mixture  of  the  am- 
monium and  potassium  salts  of  the  nitromaleamide, 

C,HNO,CONH,COOH . 
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Its  composition  was  determined  by  the  analyses  of  the  silver 
and  potassium  salts  prepared  from  it,  as  follows : 

Silver  Salt,  C^HNOjCONHjCOOAg.— An  aqueous  solution 
of  the  mixed  potassium  and  ammonium  salts  was  treated  with 
argentic  nitrate,  which  threw  down  a  nearly  insoluble  pre- 
cipitate made  up  of  minute  white  crystals  ;  these  were  dried 
in  vacuo  and  analyzed  as  follows  : 

0.3500  gram  salt  gave  0.2463  gram  AgBr. 

Calculated  for 
CaHNOaCONHoCGOAg.  Found. 

Ag  40-45  40.41 

Potassium  Salt,  C.HNOjCONH.COOK.— A  solution  of  the 
free  amide  was  prepared  by  the  cautious  addition  of  hj^dro- 
chloric  acid  to  the  silver  salt.  It  was  found  that  the  amide 
was  stable  in  solution  at  ordinary  temperature,  but  was  de- 
composed during  evaporation  to  dryness.  The  potassium 
salt  was  made  by  treating  the  solution  of  the  free  amide  with 
potassic  carbonate.     It  was  dried  in  vacuo  and  analyzed  : 

I.  0.2463  gram  salt  gave,  on  evaporation  with  sulphuric 
acid,  0.106 1  gram  K^SO^. 

II.  0.2429  gram  salt  gave  0.1043  gram  K^SO^. 

Calculated  for  Found. 

C2HNO2CONH2COOK.  I.  II. 

K  19.73  19-35  19-27 

The  potassium  salt  forms  white  crystals  very  sparingly  sol- 
uble in  water  whether  hot  or  cold. 

Ammonium  Salt,  C^HNOjCONH^COONH,.— This  salt  was 
made  by  allowing  the  aniline  salt  to  stand  for  two  or  three 
days  with  a  solution  of  ammonic  hydrate.  It  gave  the  fol- 
lowing results  on  analysis  : 

0.2517  gram  substance  gave,  on  combustion,  0.2528  gram 
COj  and  0.1002  gram  H^O. 


Calculated  for 
C2HNO2CONH2COONH4. 

Found. 

c 

27.11 

27.39 

H 

3-95 

4.42 

It  crystallizes  in  fine,  white  needles  and  is  more  soluble 
than  the  potassium  salt. 


Poiassic  Nitrite  on  Mucobromic  Ester.  237 

Action  of  Baric  Hydrate  on  Potassic  Ethylnitromaleate . 

Baric  Nitromalate . — When  a  solution  of  potassic  ethyl 
nitromaleate  was  treated  with  baric  hydrate  and  enough  baric 
chloride  to  replace  the  potassium,  a  new  insoluble  barium  salt 
was  formed  which  was  evidently  derived  from  another  acid, 
since  on  the  addition  of  hydrochloric  acid  carbonic  dioxide 
was  evolved  and  nitrolactic  acid  formed.  The  study  of  this 
salt  offered  great  difficulties,  because  it  could  not  be  recrystal- 
lized  owing  to  its  insolubility,  and  the  acid,  as  was  just 
stated,  decomposes  as  soon  as  set  free.  "We  could  find  no 
way,  therefore,  to  purify  it,  and  have  analyses  only  of  the 
salt  as  precipitated.  These  gave  results  varying  from  52.17 
to  53.40  per  cent  of  barium  in  the  air-dried  salt  and  from 
54.68  to  56.45  per  cent  in  the  salt  dried  at  100°.  This  varia- 
tion indicates  that  the  crude  precipitate  was  contaminated 
with  baric  carbonate,  which  could  hardly  be  avoided  in  a  pre- 
cipitate made  with  baric  hydrate  from  a  salt  that  decomposes 
with  great  ease  into  a  carbonate  and  nitrolactate.  The  most 
probable  formula  for  this  barium  salt,  considering  its  relation 
to  the  nitromaleic  acid  on  the  one  side  and  the  nitrolactic  on 
the  other  is  Ba3(C^H2NO,)2,  a  basic  baric  malate.  The  per- 
centage of  barium  calculated  for  this  formula  is  not  far  from 
those  found. 

Calculated  for 

Ba3(C4H2N07)2.  Found. 

Ba  53-87  54-68-56.45 

In  view  of  its  behavior  with  hydrochloric  acid  it  was  pos- 
sible that  this  barium  salt  might  be  a  mixture  of  nitrolactate 
formed  directly  from  the  nitromaleate  and  baric  carbonate. 
This  theory,  however,  was  excluded  by  determining  the 
amount  of  baric  hydrate  necessary  to  form  the  salt  when  baric 
hydrate  alone  was  used.  If  it  were  the  mixture  of  nitrolac- 
tate and  carbonate,  2  molecules  of  baric  hydrate  would  be 
necessary  to  each  molecule  of  the  potassic  ethylnitromaleate, 
but  in  an  actual  experiment  only  1.635  molecules  were  used 
in  the  complete  formation  of  the  salt,  that  is,  the  amount  re- 
quired to  form  the  basic  baric  malate.     This  formula,  there- 
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fore,  can  be  adopted   as  the  one  which  best  represents  the 
known  facts. 

^-Nitroladic  Acid,  CH,NO,CHOHCOOH.— When  the 
barium  salt  described  in  the  preceding  section  was  treated 
with  dilute  hydrochloric  acid  it  dissolved  with  evolution  of 
carbonic  dioxide.  The  solution  thus  obtained  was  then 
treated  with  ether  in  a  continuous  extractor  for  three  or  four 
hours,  and  the  extract,  which  consisted  of  a  colorless  mass  of 
crystals,  was  purified  by  crystallization  from  ether  and  chloro- 
form until  it  showed  the  constant  melting-point  76°  to  77°, 
when  it  was  dried  in  vacuo  and  analyzed  with  the  following 
results  : 

I.  0.2 loi  gram  substance  gave,  on  combustion,  0.2041 
gram  COj  and  0.0750  gram  H^O. 

II.  0.1955  gram  substance  gave  0.1912  gram  COj  and 
0.0690  gram  H^O. 

III.  0.1820  gram  substance  gave  16.8  cc.  moist  N^  at  15°. 5 
and  766  mm.  pressure. 


Calculated  for 

Found. 

CH2NO2CHOHCOOH. 

I. 

II. 

III. 

c 

26.67 

26.50 

26.67 

H 

3-70 

3-96 

3-92 

.  ... 

N 

10.37 

.... 

.... 

10.82 

Properties  of  ft-Nitrolactic  Acid. — It  crystallizes  from  ether 
and  chloroform  in  small,  irregular,  white  prisms,  which  melt 
at  76°  to  77°  (uncorr.).  It  is  very  soluble  in  water,  alcohol, 
or  ether  ;  more  sparingly  soluble  in  chloroform.  As  this 
nitrolactic  acid  contains  an  unsymmetrical  carbon  atom,  a 
preliminary  attempt  was  made  to  resolve  it  into  its  optically 
active  isomers.  Seven  grams  of  the  acid  were  converted  into 
its  strychnine  salt,  which  was  then  recrystallized  from  hot 
water  until  two  successive  filtrates  gave  a  constant  angle, 
when  tested  in  the  polariscope.  The  salt  thus  obtained  was 
dissolved  in  water,  acidified  with  hydrochloric  acid,  and  the 
active  nitrolactic  acid  extracted  with  ether.  0.3494  gram  of 
this  acid  gave  a  laevo  rotation  of  o°.69,  which  corresponds  to 
a  specific  rotation  of  about  20°. 
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Argentic Nitroladate,  CH^NOjCHOHCOOAg. — An  aqueous 
solution  of  nitrolactic  acid  was  warmed  gently  with  an  excess 
of  argentic  carbonate  and  filtered  hot,  when,  on  cooling,  the 
silver  salt  crystallized  from  the  filtrate.  It  was  dried  in 
vacuo  and  analyzed  with  the  following  result  : 

0,1808  gram  salt  gave  0.1410  gram  AgBr. 

Calculated  for 
CHoNOoCHOHCOOAg.  Found. 

Ag  44.63  44.79 

The  salt  crystallizes  from  warm  water  in  fine,  white 
needles,  which  are  decomposed  by  direct  sunlight.  It  is 
stable  in  aqueous  or  acid  solutions,  but  decomposes  in  pres- 
ence of  alkalies. 

Barium  Salts  of  Nitrolactic  Acid. — When  nitrolactic  acid 
was  warmed  in  aqueous  solution  with  baric  carbonate  the 
product  was  an  unmanageable  amorphous  wax.  If,  however, 
an  aqueous  solution  of  the  acid  was  treated  with  baric  hy- 
drate, a  slightly  pinkish  precipitate  was  obtained  which  gave 
the  following  results  on  analysis  : 

I.  0.2240  gram  substance  gave,  on  evaporation  with  sul- 
phuric acid,  0.2007  gram  BaSO^. 

II.  0.2493  gram  substance  gave  0.2233  gram  BaSO^. 

III.  0.2414  gram  substance  gave  0.2160  gram  BaSO^. 

Calculated  for  Found. 

(CH2N02CH0C00)Ba.  I.  11.  III. 

Ba  50.74  52.67         52.66         52.61 

The  percentages  of  barium  found  are  decidedly  too  high, 
but  in  a  precipitate  made  with  baric  hydrate  enough  baric 
carbonate  might  be  present  to  raise  the  percentages  found  2 
per  cent.  Upon  acidification  the  barium  salt  gives  nitrolactic 
acid,  which  seems  to  exclude  the  formation  of  an  anhydride, 
or  any  similar  reaction  which  would  give  theoretical  numbers 
agreeing  more  nearh'  with  those  found. 

Calcic  carbonate  gave  a  white  crystalline  salt  when  warmed 
with  an  aqueous  solution  of  nitrolactic  acid. 

Acetnitrolactic  Acid,  CH^NOjCHOC^HsOCOOH.— This  sub- 
stance was  prepared  by  heating  nitrolactic  acid  on  the  steam- 
bath  for  two  or  three  hours  with  an  excess  of  acetic  anhy- 


240  Hill  and  Black. 

dride.  The  unaltered  acetic  anhydride  was  then  evaporated 
off  and  the  crystalline  residue  purified  by  recrystallization 
from  ether  and  chloroform  until  it  showed  the  constant  melt- 
ing-point 90°  to  91°,  when  it  was  dried  in  vacuo  and  analyzed 
with  the  following  result  : 

I.  0.1797  gram  substance  gave,  on  combustion,  0.2250 
gram  CO,  and  0.0646  gram  HjO. 

II.  0.1547  gram  substance  gave  11.2  cc.  moist  Nj  at  20°. 5 
and  768  mm.  pressure. 

Calculated  for  Found. 

CH2NO2CHOC0H3OCOOH.  I.  II. 

C  33.90  34.14  

H  3-95  3-99 

N  7.93  ....  8.12 

The  acetnitrolactic  acid  crystallizes  from  a  mixture  of  ether 
and  chloroform  in  large,  perfect,  white  octahedra,  freely  solu- 
ble in  water. 

Argentic  Acetnitrolactate ,  CH^NO^CHOCjH^OCOOAg.— 
This  salt  was  obtained  by  mixing  strong  aqueous  solutions  of 
the  acetnitrolactic  acid  and  argentic  nitrate,  the  crystals  which 
separated  ^vere  washed  with  water,  dried  in  vacuo,  and  ana- 
lyzed wnth  the  following  result  : 

0.2165  gram  substance  gave  0.1082  gram  AgCl. 

Calculated  for 
CHsNOoCHOCoHsOCOOAg.  Found. 

Ag  38.03  37.61 

It  crystallizes  in  bunches  of  gleaming  white  needles  and  is 
decomposed  by  heating  with  water,  which  is  strange,  as  the 
argentic  nitrolactate  is  stable  under  these  conditions. 

The  Reductio?i  of  Nitrolactic  Acid. 

Isoserin,  CH.NH^CHOHCOOH.— The  nitrolactic  acid  was 
heated  with  tin  and  strong  hydrochloric  acid  diluted  with  its 
own  volume  of  water  in  a  small  flask  on  the  steam-bath  for 
two  or  three  hours.  The  tin  was  then  precipitated  by  sul- 
phuretted hydrogen  and  the  chloride  of  the  amido  compound 
in  the  filtrate  decomposed  with  argentic  oxide.  Finally  the 
silver,  which  had  dissolved,  w^as  removed  with  sulphuretted 
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hydrogen.  On  concentrating  the  final  filtrate  the  product 
was  deposited  in  small,  hard  crystals,  which,  dried  in  vacuo, 
gave  the  following  results  on  analysis  : 

I,  0.2098  gram  substance  gave,  on  combustion,  0.2612 
gram  CO,  and  0.1244  gram  H,,0. 

II.  0.1835  gram  substance  gave  21.700.  moist  N^  at  17" 
and  742  mm.  pressure. 

Calculated  for  Found. 

CHjNHoCHOHCOOH.  I.  II. 

C  34-29  33-95 

H  6.67  6.59  .... 

N  13.32  ....  13.42 

These  results  showed  that  the  substance  was  an  amidolac- 
tic  acid,  but  it  remained  to  be  determined  whether  it  was 
serin,  a-amidO'/J-oxypropionic  acid,  or  isoserin,  or-oxy-yS- 
amidopropionic  acid.  The  crystalline  form — small,  hard, 
nearly  cubic  crystals — did  not  agree  with  the  long,  thin, 
monoclinic  prisms,  the  form  assigned  to  isoserin  by  Haus- 
hofer,^  and,  accordingly,  to  settle  the  question  we  made  the 
copper  salt,  which  Emil  Fischer  and  I,euchs^  have  shown  is 
very  characteristic,  and  also  determined  the  solubility  of  the 
free  acid. 

The  copper  salt,  dried  at  100°,  gave  the  following  results 
on  analysis  : 

I.  0.2525  gram  salt  gave  0.1184  gram  cupric  oxide. 

II.  0.1884  gram  salt  gave  0.0893  gram  cupric  oxide. 

Calculated  for  Found. 

C3H5O3NCU.  I.  II. 

Cu  38.10  37.44  37.85 

These  low  results  are  explained  by  the  observation  of  Emil 
Fischer  that  the  copper  salt  of  isoserin  retains  water  even 
when  dried  at  110°.  Unfortunately,  his  paper  did  not  reach 
us  until  this  part  of  the  work  was  finished,  so  that  we  cannot 
give  analyses  of  thoroughly  dried  specimens.  This,  however, 
is  not  necessary,  as  these  results  prove  that  the  formula  is 
CUC3H5O3N,  characteristic  of  the  isoserin,  and  not  the  salt 
Cu(C3Hg03N)2  of  the  serin. 

1  Jsb.,  iSSo,  p.  779. 

-  Ber.  d.  chem.  Ges.,  35,  37S7  (1902). 
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To  settle  the  identity  of  our  substance  beyond  question  we 
compared  its  solubility  with  that  of  some  isoserin  made  from 
yS-chlorlactic  acid,  and  purified  by  several  recrystallizations, 
conversion  into  the  copper  salt,  decomposition  with  sulphur- 
etted hydrogen,  and  finally  crystallization  from  hot  water. 
The  specimen  of  isoserin  from  the  nitrolactic  acid  was  purified 
by  careful  recrystallization. 

I.  7.1943  grams  of  a  solution  of  isoserin  from  nitrolactic 
acid,  saturated  at  20",  contained  0.1087  gram  solid. 

II.  8.2879  grams  of  a  solution  of  isoserin  from  ^-chlorlactic 
acid,  saturated  at  20°,  contained  0.1251  gram  solid. 

Parts  of  water  necessary  to  dissolve  one  part  of  isoserin. 
I.  11. 

65.16  65.27 

These  results  agree  with  those  of  Melikoff,^  who  found  that 
I  part  of  isoserin  dissolves  in  65.4  parts  of  water,  whereas  i 
part  of  serin^  dissolves  in  24.7  parts  of  water.  There  can  be 
no  doubt,  therefore,  that  our  substance  is  isoserin. 


A    METHOD    FOR   THE    DETERMINATION    OF 
CHLORIC  ACID. 

By  W.  S.  Hendrixson. 

In  the  methods  for  the  determination  of  chloric  acid  by  re- 
duction, metallic  zinc,  in  some  form,  and  ferrous  sulphate 
have  been  the  reducing  agents  most  used,  though  several 
others,  including  sulphur  dioxide  and  formic  aldehyde,  have 
been  employed.  The  conditions  under  which  zinc  and  fer- 
rous sulphate  have  been  used  have  been  much  varied. 
Thorpe^  and  Thorpe  and  Eccles*  used  the  zinc-copper  couple 
to  reduce  chlorates  and  determined  the  chloride,  resulting 
from  the  chlorate,  with  a  solution  of  silver.  Bothamley  and 
Thompson^  showed  that  the  results  by  this  method  were  too 
low  unless  sulphuric  acid  was  added  near  the  end  of  the  re- 

1  Ber.  d.  chem.  Ges.,  13,  1266  (1880). 

2  Krlenmeyer,  Ibid.,  13,  1078  (1880)  ;  Cramer  :  J.  prakt.  Chem.,  96,  94  (1865). 

3  J.  Chem.  Soc.  (London),  11,  541. 
^  Ibid.,  14,  856. 

*  Ibid.,  S3,  164. 
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duction  to  dissolve  any  basic  salts  of  zinc.  B}^  the  same 
method  Becker^  also  found  the  results  too  low  and  preferred 
to  use  zinc  dust  and  a  little  copper  sulphate.  Fleissner^  used 
zinc  dust  and  boiled  the  solution  one  hour,  but  Becker  at- 
tained complete  reduction  only  by  using  a  large  excess  of  zinc 
dust  with  suflScient  sulphuric  acid  to  dissolve  it  completely 
without  the  aid  of  heat. 

Stelling^  reduced  chlorates  by  long  boiling  with  ferrous  sul- 
phate, in  alkaline  solution,  and  determined  the  resulting 
chloride.  Becker  found  that  the  reaction  was  very  slow  and 
incomplete,  and  recommended  a  neutral  solution  of  ferrous 
sulphate.  Carno*  reduced  the  chlorates  in  bleaching-pow- 
der  b)^  heating  at  100°  with  a  large  excess  of  ammonium  fer- 
rous sulphate  and  an  excess  of  sulphuric  acid.  The  amount 
of  chlorate  was  found  either  by  titrating  the  resulting  chlo- 
ride by  the  method  of  Volhard  or  by  determining  the  excess 
of  ferrous  sulphate  with  permanganate.  Rosenbaum^  states 
that  chlorine  will  be  lost  in  this  method  of  reduction  if  the 
acid  and  the  ferrous  sulphate  are  added  to  a  hot  solution  of 
the  chlorate. 

In  the  course  of  my  work  on  the  action  of  chloric  acid  on 
metals,®  it  was  observed  that  metallic  iron  very  readily  re- 
duces free  chloric  acid  even  in  very  dilute  solutions.  At 
ordinary  room  temperature  the  solution  of  the  metal  is  very 
rapid  in  moderately  concentrated  solutions  of  the  acid,  and 
the  iron  goes  at  once  into  the  ferric  condition,  as  was  proved 
by  many  tests  while  solution  was  going  on.  No  gas  is 
evolved,  but  the  iron  simply  disappears  and  there  results  the 
yellowish-brown  solution  of  ferric  salt,  and  the  solution  re- 
mains clear  if  the  acid  is  in  considerable  excess.  Whether 
iron  alone  thus  reduces  chloric  acid  completely  could  not  be 
determined  with  accuracy,  owing  to  the  fact  that  toward  the 
end  of  the  reaction  large  amounts  of  oxide  and  possibly  basic 

1  Repert.  anal.  Chem.,  I,  377. 

2  Ztschr.  anal.  Chem.,  ao,  115. 
8  Ibid.,  6,  32. 

■*  Compt.  rend.,  122,  449. 

6  ztschr.  angew.  Chem.,  1893,  80. 

6  J.  Am.  Chem.  Soc,  26,  747- 
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salt  are  necessarily  formed,  and  these  make  it  impracticable 
to  obtain  a  solution  suitable  for  titration  with  silver  without 
the  use  of  agents  which  would  also  decompose  chloric  acid. 
An  approximation,  however,  showed  that  at  least  95  per  cent 
of  the  chloric  acid  was  reduced.  These  facts  suggested  that 
the  determination  of  chloric  acid  might  be  brought  to  a  very- 
simple  form  by  using  metallic  iron  as  the  chief  reducing  agent 
in  the  presence  of  an  excess  of  sulphuric  acid,  which  would 
prevent  the  formation  of  insoluble  compounds,  make  the 
method  applicable  to  chlorates  by  setting  free  the  chloric 
acid,  and  form  ferrous  sulphate,  which  is  itself  a  reducing 
agent  for  chloric  acid,  and  which  would  already  be  present  to 
serve,  when  oxidized,  as  the  indicator  in  the  titration  of  the 
chloride  formed,  by  the  method  of  Volhard.  It  is  evident, 
therefore,  that  such  a  method  would  be  a  ver}-  simple  com- 
bination of  the  two  general  methods  already  mentioned,  the 
reduction  of  chloric  acid  by  a  metal,  and  probably  a  more 
efficient  one  than  zinc,  and  the  reduction  by  ferrous  sulphate. 
To  carry  out  the  method  a  weighed  amount  of  pure  potas- 
sium chlorate  or  a  measured  volume  of  chloric  acid  of  kuown 
strength  was  placed  in  a  small  flask  with  about  50  cc.  of  pure 
sulphuric  acid  having  a  concentration  of  about  10  per  cent, 
and  an  excess  of  "  card-teeth"  used  in  most  laboratories  as  a 
convenient  form  of  iron.  In  some  of  the  experiments  re- 
corded below,  the  flask  was  fitted  with  a  deliver3'-tube  which 
dipped  into  water,  the  purpose  being  to  prevent  the  possible 
loss  of  hydrochloric  acid,  a  precaution  which  at  room  temper- 
ature was  proved  to  be  wholly  unnecessary.  At  first  ferric 
salt  is  formed  and  gives  the  solution  the  characteristic  color 
due  to  ferric  salts,  but  the  salt  is  soon  reduced  and  the  solu- 
tion becomes  colorless  or  slightly  green.  If  all  the  chlorate 
is  dissolved  at  the  beginning  of  the  experiment,  the  disap- 
pearance of  the  yellow  color  may  be  taken  to  mark  the  end  of 
the  reduction,  which  requires,  at  room  temperature,  about 
one  hour.  No  doubt  the  reduction  could  be  hastened  by 
heating,  if  precaution  were  taken  to  prevent  the  loss  of  hy- 
drochloric acid  by  volatilization.  As  might  naturally  be  ex- 
pected, the  method  serves  quite  as  well  for  bromic  acid  and 
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bromates  as  for  chloric  acid  and  chlorates,  and  two  determina- 
tions of  the  bromic  acid  in  potassium  bromate  are  given  be- 
low. 

After  the  reduction  was  completed  the  solution  was  made 
up  to  a  definite  volume  and  portions  of  it  were  titrated  with 
N/20  silver  nitrate  by  Volhard's  method.  Usuallj^  an  excess 
of  silver  was  added  before  the  iron  was  oxidized  with  an  ex- 
cess of  nitric  acid  to  the  ferric  condition  to  serve  as  the  indi- 
cator. There  seems,  however,  to  be  little  danger  of  the  loss 
of  chlorine  if  the  nitric  acid  is  added  before  the  silver. 

The  following  are  results  obtained  by  the  method  de- 
scribed, the  amounts  of  silver  required  in  the  titrations  being 
calculated  to  chloric  acid  or  bromic  acid  : 

1.  5  cc.  of  a  solution  of  chloric  acid  gave  1.0639  grams 
HCIO3. 

2.  5  cc.  of  the  same  solution  gave  1.0619  grams  HCIO3. 
The  same  solution,  titrated  with  standard  barium  hydrox- 
ide gave,  in  5  cc,  1.0665  grams  HCIO3. 

3.  0.4595  gram  KCIO3  gave  0.3158  gram  HCIO3 ;  calcula- 
ted, 0.3165  gram. 

4.  0.6709  gram  KCIO3  gave  0.4628  gram  HCIO3 ;  calcula- 
ted, 0.4622  gram. 

5.  0.8300  gram  KCIO3  gave  0.5731  gram  HCIO3 ;  calcula- 
ted, 0.5718  gram. 

6.  1.2744  grams  KCIO3  gave  0.8778  gramHClOj;  calcula- 
ted, 0.8778  gram. 

7.  0.3350  gram  KBrOj  gave  0.2605  gram  HBr03 ;  calcula- 
ted, 0.2585  gram. 

8.  1.0983  grams  KBrOs  gave  0.8460  gram  HBr03 ;  calcula- 
ted, 0.8478  gram. 

The  method  above  described  seems  to  have  some  advan- 
tages. It  is  extremely  simple.  It  can  be  carried  out  at  room 
temperature,  avoiding  any  danger  of  the  loss  of  hydrochloric 
acid  by  heating.  In  the  reduction  and  the  preparation  of  the 
solution  for  titration  are  necessary  only  iron  and  pure  sul- 
phuric and  nitric  acids,  which  are  always  at  hand  in  every 
laboratory,  and  no  filtering  or  other  operations  likely  to  occa- 
sion loss  of  chlorine  or  loss  of  time  are  required. 
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Perchloric  acid  shows  the  same  indifference  toward  metallic 
iron  as  toward  most  other  reducing  agents,  and  does  not, 
therefore,  interfere  in  the  determination  of  chloric  acid  by 
this  method. 

Iowa  College,  Grinnell,  Ia., 
March  18,  1904. 
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ON  THE  SOIvUBIUTY  OF  BARIUM  AND  MERCURIC 
CHI.ORIDES. 

By  H.  W.  Foote  and  H.  S.  Bristol. 

A  double  salt  of  mercuric  and  barium  chlorides  has  been 
described  by  Bonsdorf,'  who  assigned  the  formula 

BaCl,.2HgCl,.2H,0. 

As  double  salts  containing  barium  chloride  are  almost  un- 
known, we  decided  to  test  for  its  existence  in  crystal  form  by 
means  of  the  solubility  method  which  has  previously  been  de- 
scribed.^ The  experiments  were  carried  out  first  at  25°. 
Mixtures  of  barium  chloride  and  mercuric  chloride  were  pre- 
pared in  varying  proportions  and  treated  with  enough  water 
to  dissolve  them  when  hot,  allowing  a  crystal  mass  to  form  on 
cooling  containing  both  mercuric  and  barium  chlorides.  In 
case  no  double  salt  formed,  the  solubility  of  the  mixtures 
would  be  the  same  in  all  experiments  while  the  composition 
of  the  residue  which  crystallized  could  vary  between  pure 
barium  chloride  on  the  one  hand  and  pure  mercuric  chloride 
on  the  other.  The  solubility  of  the  mixtures  would  not  be 
the  same  throughout  the  series  in  case  a  double  salt  formed. 

The  mixtures,  after  being  prepared  as  above  described, 
were  rotated  in  a  thermostat  for  several  days,  when  a  sample 
of  the  solution  was  drawn  off  in  a  pipette  through  a  filter  of 
glass  wool  and  analyzed.  The  residues  were  then  removed, 
dried  as  quickly  as  possible  between  filter-paper,  and  ana- 
lyzed. The  analysis  of  both  solution  and  residue  was  carried 
out  by  precipitating  the  solution,  containing  hydrochloric 
acid,  with  hydrogen  sulphide.    Mercuric  sulphide  was  filtered 

1  Pogg.  Ann.,  17,  130  (1S29). 

2  This  Journal,  30,  330,  339  (1903). 
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off  on  a  Gooch  crucible,  dried  at  100°  to  120°,  and  weighed. 
Barium  was  determined  in  the  filtrate  as  sulphate.  Water 
was  calculated  by  difference.  The  following  percentages  were 
obtained  at  25° : 

Table  I. — Solubility  of  Mixtures  of  Barium  and  Mercuric  Chlo- 
rides at  25°, 


BaCl2  in 

HgClo  in 

BaCU  in 

HgClo  in 

HjOin 

solution. 

solution. 

residue. 

residue. 

residue. 

I 

23.09 

54-66 

83.40 

2-77 

13-83 

2 

23.07 

54-91 

39-34 

54.22 

6-44 

3 

22.69 

55-00 

17.72 

79-35 

2.93 

4 

23.26 

54-75 

12.87 

84.97 

2.16 

5 

23.00 

54-85 

4.84 

94.49 

0.67 

It  will  be  noticed  that  the  composition  of  the  solutions  re- 
mains practically  constant  throughout  the  series,  while  the 
residues  vary  between  extreme  limits,  showing  that  no  double 
salt  crystallizes  at  2j° . 

The  solubility  of  each  salt  in  water  is  largely  increased  by 
the  presence  of  the  other,  indicating  the  formation  of  a  com- 
plex salt  in  solution.  It  was  therefore  thought  possible  that 
a  double  salt  might  form  at  another  temperature.  Bonsdorf 
mentions  that  he  obtained  his  double  salt  in  the  cold.  To 
determine  whether  a  double  salt  formed  at  some  other  tem- 
perature, a  dilatometer  was  filled  with  a  mixture  of  barium 
and  mercuric  chlorides  moistened  with  the  saturated  solution 
of  the  salts,  and  with  toluene  to  fill  the  air  spaces  and  regis- 
ter the  change  in  volume.  A  decided  change  in  volume  was 
observed  between  17°  and  18",  indicating  a  change  in  the 
solid  phase.  This  was  afterwards  shown  to  be  due  to  a 
double  salt. 

The  dilatometer  readings  with  the  corresponding  tempera- 
tures are  given  in  Table  II. 

The  dilatometer  was  cooled  and  warmed  alternately  to  al- 
low a  mixture  of  the  double  salts  and  single  salts  to  form. 
Placed  again  in  a  bath  at  17°. 6  the  column  gradually  rose 
from  14.3  mm.  to  14.9  mm.  At  17°  the  column  fell  from  11.4 
to  8.2  mm.     The  transition  temperature  would  therefore  be 
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about  1 7°. 2.  The  results  in  Table  II.  are  shown  graphically 
in  Fig.  I.  The  temperature  is  plotted  as  abscissa  and  the 
dilatometer  readings  as  ordinate. 


Temperature. 

-3°-4 

-i°.4 
+  i°.6 

2°.6 

1 4°.  6 

i6°.5 
16°. 7 

i7°-4 
17°. 6 
18°. 6 
25°.6 


Table  II. 


Height  of 
toluene  in  mm. 

0.8 

1.2 

1.95 

2.45 

3.6 

6.1 
6.8 
6.9 

7-9 
II. 8 
14.4 
18.3 


^0 


10 


10' 

Fig.  I. 


:io 


To  determine  what  change  takes  place  at  and  below  17°.  2, 
as  indicated  by  the  dilatometer,  the  solubility  of  mixtures  of 
the  two  salts  was  determined  at  10°. 4.  A  constant  tempera- 
ture was  obtained  by  means  of  the  low-temperature  thermo- 
stat described  by  one  of  us.^  As  the  double  salt  which  forms 
at  this  temperature  was  but  a  few  degrees  below  its  transition 
temperature  where  it  breaks  down  into  mercuric  chloride  and 
barium  chloride,  it  was  to  be  expected  that  the  limits  of  its 

1  Ztschr.  phys.  Chem.,  33,  749  (1900). 
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solubility  would  be  very  narrow,  and  this  was  found  to  be  the 
case.  It  was  prepared  pure  only  after  some  trouble  though 
mixtures  of  it  with  barium  chloride  or  mercuric  chloride  were 
readily  obtained.  If  solutions  were  prepared  which  were 
much  supersaturated  at  10°,  only  mixtures  could  be  obtained 
of  the  double  salt  with  one  of  the  single  salts,  due  to  the  fact 
that  the  single  salts  are  not  present  in  the  same  proportion  in 
both  solution  and  solid.  On  the  other  hand,  if  solutions  were 
prepared  which  were  but  slightly  supersaturated  no  salt 
would  crystallize  on  shaking.  The  method  adopted  to  obtain 
the  pure  double  salt  was  to  prepare  solutions  slightly  super- 
saturated at  the  temperature  of  the  experiment.  To  these 
solutions  a  minute  quantity  of  crystals  of  the  double  salt  and 
a  single  salt  was  added  to  start  the  crj^stallization.  These 
crystals  were  obtained  from  a  solution  which  was  so  much 
supersaturated  that  it  would  crj'stallize  of  itself.  In  this  way 
pure  double  salt  could  be  obtained  which  was  proved  by  the 
fact  that  the  composition  of  the  solutions  yielding  the  double 
salt  varied  somewhat  while  the  composition  of  the  residue  re- 
mained practically  constant. 

The  solubility  results  at  io°.4  are  in  Table  III.  In  criti- 
cizing them,  it  must  be  remembered  that  the  composition  of 
the  solution  could  be  determined  much  more  accurately  than 
that  of  the  residue,  as  the  latter  was  contaminated  with  a  cer- 
tain amount  of  the  mother-liquor  containing  a  large  propor- 
tion of  dissolved  salts. 

In  Nos  8  to  1 1  of  the  above  table  the  pure  double  salt  was 
present,  as  the  solution  varied,  while  the  residue  was  nearly 
constant.  The  results  on  the  composition  of  the  residue  are 
italicized  in  this  case.  They  correspond  closely  to  the  salt 
BaClj.3HgCl2.6H2O,  the  calculated  composition  of  which  is 
added  in  the  table. 

That  the  salt  decomposes  at  the  temperature  of  a  warm 
room  was  shown  qualitatively  by  samples  of  the  salt,  which 
partly  liquefied  in  tightly  closed  specimen-tubes.  A  salt 
with  the  formula  given  by  Bonsdorf,  BaCl2.2HgCl,.2H20, 
could  not  liquefy,   as  on  decomposing  the  water,  would  be 
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present  in  the  right  proportion  to  form  crystallized  barium 
chloride. 

Table   III. — Solubility   of  Mixtures  of  Barium  and  Mercuric 


Chlorides  at  10° .4. 

BaClj  in 

HgCU  in         BaCl2  in 

HgClj  in 

HsOin 

solut'on. 

solution 

residue. 

residue. 

residue. 

Per  cent. 

Per  cen 

t.         Per  cent. 

Per  cent. 

Per  cent. 

I               23.55 

50-54 

66.94 

21.27 

11.79 

2              23.48 

50.59 

49.25 

38.00 

12.75 

3          23.69 

50.55 

28.80 

59-55 

11.65 

4          23.62 

50.41 

22.50 

66.47 

11.03 

5          23.52 

50.65 

21.41 

67.50 

11.09 

6          23.57 

50.56 

19-56 

69.90 

10.54 

7          23.64 

50.51 

19.36 

70.06 

10.58 

8          23.44 

50.74 

rS.75 

70.80 

10.4s 

9          22.58 

51-23 

18.82 

72.08 

g.io 

10          22.48 

51-41 

i8.g6 

70.71 

10.33 

II          22.10 

51-66 

18.88 

71.87 

9-25 

(Calculated  for  BaCl,. 

3HgCl,.6H,0) 

18.45 

71.98 

9-57 

12          21.69 

52.01 

15-13 

79.87 

5.00 

13          21.55 

51.69 

3.21 

95-55 

1.24 

14          21.68 

52.11 

0.78 

99.27 



The  solubility  results  at 

25°  and  10° 

.4  are  shown  in  Fig.  II 
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The  percentage  of  mercuric  chloride  in  the  residue  is  plotted 
as  abscissa  and  the  percentage  of  barium  chloride  in  the  solu- 
tion as  ordinate.  The  dotted  horizontal  line  represents  the 
solubility  at  25°,  where  no  double  salt  formed,  and  the  other 
the  solubilities  at  10°. 4. 

Summary. 

In  the  preceding  article  it  has  been  shown  : 
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1.  That  barium  and  mercuric  chlorides  do  not  form  a 
double  salt  at  25°. 

2.  That  a  transition  temperature  exists  at  about  17°. 2,  be- 
low which  the  salt  BaCl^.aHgCl^.eH^O  forms. 

3.  That  the  salt  BaCl,.2HgCl,.2H,0,  described  by  Bons- 
dorf  does  not  form  under  the  conditions  which  he  gives. 
The  solubilit)^  method,  previously  described,  has  been  used  to 
detect  the  presence  of  the  double  salt. 

New  Haven,  Conn.,  March,  1904. 
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ON   THE    SOLUBII^ITY  OF  POTASSIUM   AND  BAR- 
IUM NITRATES  AND  CHEORIDES. 

By  H.  W.  Foote. 

The  double  nitrate  of  potassium  and  barium, 

2KN03.Ba(N03)„ 

was  described  recently  by  Wallbridge.^  As  this  salt  was 
very  unexpected,  its  solubility  relations  have  been  deter- 
mined at  25°  by  the  solubility  method  previously  given.  The 
solutions  obtained  were  analyzed  by  evaporating  them  to  dry- 
ness and  weighing  the  residue  after  very  gentle  ignition. 
The  residue  was  dissolved  in  water  and  barium  determined 
as  sulphate,  after  which  potassium  nitrate  could  be  calcula- 
ted. The  composition  of  the  residue  was  usually  calculated, 
as  water  was  absent.  This  could  be  done  with  sufficient  ac- 
curacy by  starting  with  known  amounts  of  the  two  single 
salts  and  water.  In  one  or  two  cases  barium  was  determined 
as  a  check  on  this  value. 

The  results  obtained  are  in  Table  I.,  columns  II.  and  III., 
showing  the  parts  of  potassium  nitrate  and  barium  nitrate, 
respectively,  in  lOo  parts  of  solution.  Where  the  pure  double 
salt  is  present,  the  composition  of  the  residue  remains  prac- 
tically constant,  while  the  solution  varies.  These  results  are 
italicized.  In  the  other  results,  where  a  mixture  was  pres- 
ent either  of  potassium  nitrate  and  the  double  salt  (Nos.  6  to 
9)  or  of  the  double  salt  and  barium  nitrate  (Nos.  i  to  3)  the 

1  This  Journal,  30,  154  (1903). 
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composition  of  the  residue  varies  while  the  solubility  remains 
constant. 

Table  I. — Solubility  of  Potassium  and  Barium  Nitrates  at  23° . 


II. 


I 

2 

3 

KNO3  in 
solution. 

15-24 
14.69 

14-79 

Ba(N03)2in 
solution. 

6.64 

6.60 

6.62 

KNO3  in 
residue. 

5-14 
26.76 
38.66 

4 

5 

16  JO 

S-49 
3-04 

43-45 
43-25 

6 

7 
8 

9 

27.66 
27.81 
27.94 
27.64 

2.01 
2.09 
1.92 
2.05 

50.52 
64.10 
81.27 
93-45 

Residue  contains  : 

BaCNOa)^  and  2KN03.Ba(NOj)s 


2KN03.Ba(NO,), 

(Calculated  percentage  of  KNO, 

=  43-65) 
KNO3  and  2KN03.Ba(N03), 


The  results  in  the  table  are  represented  graphically  in  Fig. 
The  percentages  of  potassium  nitrate  in  solution  and  in 
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the  residue  are  plotted  respectively  as  ordinate  and  abscissa. 
The  results  show  that  the  double  salt  can  form  at  25°  under 
a  moderately  wide  range  of  conditions,  that  is,  it  can  form 
from  solutions  containing  approximately  from  15  to  27  per 
cent  of  potassium  nitrate  and  from  6  to  2  per  cent  of  barium 
nitrate. 

The  salt  cannot  be  recrystallized,  but  would  deposit  at  first 
crystals  of  barium  nitrate  if  evaporated  at  25°.  This  is  shown 
by  the  fact  that  the  solution  of  the  double  salt  would  contain 
a  greater  percentage  of  barium  nitrate  than  of  potassium  ni- 
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trate,  while  all  the  solutions  obtained  above,  including  those 
in  equilibrium  with  barium  nitrate  and  the  double  salt,  con- 
tain an  excess  of  potassium  nitrate. 

A  double  salt  of  potassium  and  barium  chlorides  has  never 
been  prepared,  and  the  solubility  results  given  below  in  Table 
II.  show  that  none  forms  at  25°. 

Table  II. — Solubility  of  Potassium  and  Barium  Chlorides 

at  25°. 


KCl  in 
solution. 
Per  cent. 

BaClo  in 
solution. 
Per  cent. 

KClin 
residue. 
Per  cent. 

I 

2 

18.97 
18.96 

13.86 
13.85 

9.64 
98.37 

Had  a  double  salt  formed  the  solubility  in  the  first  experi- 
ment where  a  large  excess  of  barium  chloride  was  present 
would  be  different  from  the  solubility  in  the  second  experi- 
ment, where  the  residue  was  nearly  pure  potassium  chlo- 
ride. 

From  results  obtained  by  Riidorf  on  the  solubility  of  mix- 
tures of  salts,  it  is  very  probable  that  ammonium  chloride  and 
sodium  chloride  also  form  no  double  salts  with  barium  chlo- 
ride. 

New  Haven,  Conn.,  March,  1904. 


ON  SOME  CUPRAMMONIUM  SULPHATES. 

By  David  W.  Horn  and  Edytha  E.  Taylor. 

The  extensive  investigations  recently  carried  out  on  solu- 
tions of  cuprammonium  salts  have  made  it  desirable  that  the 
salts  themselves  be  i.solated  and  studied.  This  paper  deals 
mostly  with  the  cuprammonium  sulphate  longest  known 
among  the  metal-ammonium  compounds, 

CuSO,  +  4NH3  H-  H,0, 

and  the  decomposition-products  that  have  been  given  the 
formulas 

CuSO,  +  2NH3         and  CuSO,  +  NH3. 

1  Pogg.  Ann.,  148,  467;  Berliner  Akad.  Ber.,  1885,  355. 
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Of  these  formulas,  CuSO^  -|-  4NH3  -|-  H^O  has  rested  upon 
one  analysis  made  by  Berzelius^  of  apparently  the  same  salt  to 
which  Bouzat  has  but  recently^  assigned  a  different  formula — 

CuSO,  +  4NH3  +  3/2H,0. 

The  formulas  CuSO,-h  2NH3  and  CuSO,  +  NH3  have  had  no 
basis  in  fact  except  the  losses  in  weight  observed  by  Kane* 
when  the  salt  stated  by  Berzelius  to  be 

CuSO,  +  4NH3  H-  H,0 

is  heated  at  different  temperatures.  Changes  in  weight  can- 
not be  relied  upon  to  differentiate  ammonia  having  a  molecu- 
lar weight  of  17  from  water  having  a  molecular  v  eight  of  18, 
even  when  the  original  substance  is  known  to  have  a  definite 
composition.  For  these  reasons  we  proposed  to  prepare  these 
substances,  insuring  the  reliability  of  our  preparations  by 
complete  analyses.  Such  analyses  involve  the  difficulty  of 
determining  ammonia  and  water  in  a  mixture  of  the  vapors  of 
the  two,  as  well  as  that  of  determining  sulphuric  acid  in  cop- 
per compounds.  We  worked  out  reliable  analytical  methods 
and  then  studied  the  preparation  and  properties  of  the  salt 

CuSO,  +  4NH3  -I-  H,0, 

its  behavior  at  elevated  temperatures,  and  the  properties  of 
its  aqueous  solution.  This  paper  presents  these  points  in 
order. 

/.  Analytical  Methods. 

(A)  Determination  of  Copper. — We  first  tried  a  rapid  elec- 
trolytic method  proposed  by  Wagner^  for  the  determination  of 
copper.  The  deposits  were  not  uniform,  but  contained  here 
and  there  brownish  lumps.  When  the  electrolysis  was 
pushed  so  far  that  hydrogen  sulphide  no  longer  gave  a  pre- 
cipitate in  the  liquid  that  was  being  electrolyzed,  the  results 
were  high.     This  is  illustrated  by  the  following  analysis  : 

1  Gilbert's  Ann.,  40,  300. 

2  Ann.  chim.  phys.,  [7],  29,  305  (1903). 

3  Ibid.,  [2],  72,  265. 

*  Ztscbr.  Elektrotech.  u.  Elektrochem.,  2,  613-616. 
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Weight  of  salt  taken 

for  analysis. 

Gram. 

1. 0081 


Weight  of 

copper  found. 

Gram. 

0.2621 


Percentage  of 
copper  found. 


Percentage  of  copper 

calculated  for 
CUSO4  +  4NH3  +  H2O. 


25-99  25.86 

We  then  adopted  Rose's  method^  of  heating  the  dehydrated 
sulphates  with  sulphur  in  an  atmosphere  of  hydrogen.  The 
following  analyses  are  given  to  show  the  degree  of  accuracy 
of  the  method : 

Percentage  of  cop- 
Percentage  of  per  calculated  for 
copper  found.    CUSO4  +  4NH3  +  H2O. 

25.87  25.86 

25-87 

25-87 

25.89 

25.86 

25.87 

25-83 

25.86 
25.89 

25-84 
25.84 
25.87 

(.5)  Determination  of  Ammonia . — The  usual  method  of  dis- 
tillation with  an  alkali  was  used.  When  the  alkali  was  pre- 
viously treated  with  potassium  permanganate  the  results 
were  invariably  low  in  the  case  of  copper  compounds,  al- 
though when  ammonium  borate  was  used  to  test  the  method 
the  results  were  good.  We  used  sodium  hydroxide  free  from 
nitrogen.  Lime  was  added  to  the  alkaline  liquids  to  prevent 
"bumping"  during  the  distillations.  It  was  found  that  the 
ammonia  could  only  be  completely  removed  from  the  copper 
compounds  when  the  distillations  were  continued  until  the 
residues  in  the  distilling-flasks  reached  approximately  the 
concentration  of  i  gram  sodium  hydroxide  in  i  cc.  to  1.5 
cc.  of  the  liquid.  In  order  to  prevent  the  mechanical  carry- 
ing-over of  alkali  in  the  distillations  we  found  it  advisable  to 
use  long-necked  balloon-flasks  of  about  2.5  liters  capacity, 
and  to  distil  at  such   a  rate  that  the  condenser-tube  was  but 

1  Anal.  Chem.,  II.,  173-4  (sixth  German  edition.) 


Weight  of  salt 

Weight  of 

taken  for  analysis. 

copper  found, 

Gram. 

Gram. 

0.5419 

O.I4OI 

0.4059 

0.1049 

0.7004 

O.1812 

0.5650 

0.1463 

0.3632 

0.0939 

0.5382 

0.1392 

0.2811 

0.0726 

0.4356 

O.II26 

0.3921 

O.IOI4 

0.4914 

O.I27I 

0.3146 

0.0813 

0.3710 

0.0960 
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one- fourth  to  one-third  full  of  uncondensed  water- vapor.  To 
avoid  loss  of  ammonia  the  salts  were  weighed  into  a  slight 
excess  of  acid  contained  in  the  distilling-flasks.  The  follow- 
ing anal5^ses  of  the  salt  CuSO^  -f-4NH3  -j-  H^O  show  to  what 
extent  the  method  can  be  relied  upon  when  the  precautions 
mentioned  are  taken  : 

Percentage  of  am- 
Weight  of  salt  Weight  of  am-  Percentage  of     monia  calculated  for 

taken  for  analysis.         monia  found.        ammonia  found.   CUSO4 +  4NH3-f  HoO. 
Gram.  Gram. 

27.76 


0.3521 

0.0980 

27.82 

0.3969 

0.1099 

27.70 

0.2974 

0.0825 

27.76 

0.5006 

0.1393 

27.82 

0.3806 

0.1057 

27.77 

0.3049 

0.0844 

27.71 

0.4766 

0.1322 

27.74 

As  already  mentioned,  ammonium  borate  may  be  used  ad- 
vantageously in  testing  the  apparatus  in  the  distillations,  be- 
cause the  ammonia  in  it  can  be  determined  by  direct  titration 
as  well  as  by  distillation. 

(C)  Determination  of  Water  and  Ammonia. — Water  and 
ammonia  are  evolved  simultaneously  by  the  salt  CuSO^  -f- 
4NH3 -f"  H2O  when  it  is  heated.  We  determined  them  by 
heating  a  weighed  quantity  of  the  salt  in  a  boat  in  a  tube  so 
arranged  that  a  current  of  air,  dry  and  free  from  carbon  di- 
oxide, could  pass  over  the  heated  material  and  carry  the 
water  and  ammonia  evolved  into  absorption  apparatus.  We 
used  air  that  had  been  passed  through  dilute  sulphuric  acid 
and  barium  hydroxide  solutions,  and  then  over  solid  sodium 
hydroxide  and  potassium  hydroxide.  The  air  leaving  this 
apparatus  entered  the  tube  containing  the  boat  through  a 
piece  of  ordinary  glass  tubing  about  2  meters  long.  The  end 
of  this  connecting  tube  nearest  the  boat  was  drawn  to  a  capil- 
lary tip  in  order  to  prevent  as  far  as  possible  the  diffusion  of 
the  ammonia  backward  toward  the  apparatus  for  purifying 
the  air.  The  larger  tube,  in  which  the  boat  was  heated,  was 
placed  in  a  cylindrical  air-bath  of  about  four  times  the  length 
of  the  boat.     This  tube  was  joined  directly  to  the  absorption- 
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apparatus  consisting  of  two  glass-stoppered  [j-tubes  filled 
with  solid  potassium  hydroxide  to  absorb  the  water  evolved, 

and  a  similar  tube  containing  glass  beads  and  65  per  cent  sul- 
phuric acid  (to  absorb  the  ammonia)  joined  with  two  more 
tubes  of  potassium  hydroxide  to  absorb  the  water  given  off  by 
the  acid.  We  tested  this  apparatus  and  method  for  the  de- 
termination of  water  using  crystallized  barium  chloride,  the 
loss  in  weight  of  the  boat  checking  on  the  changes  in  weight 
in  the  absorption-tubes.  There  was  no  occasion  to  test  the 
absorption  of  ammonia  by  the  acid.  The  results  of  eight 
analyses  made  by  this  method  are  given  below,  on  pages  272 
and  273. 

The  current  of  air  used  in  these  and  other  similar  experi- 
ments was  furnished  by  a  simple  apparatus  that  has  since  been 
found  so  useful  in  the  laboratory  that  it  will  be  described.  A 
Bunsen  pump  passing  through  a  rubber  stopper  is  fitted  into 
the  middle  opening  of  a  Wolff  bottle ;  into  one  of  the  side  open- 
ings a  siphon-tube  is  fitted  by  a  rubber  stopper,  the  arm  of 
the  tube  within  the  bottle  reaching  almost  to  the  bottom  of 
the  bottle  ;  into  the  other  opening  there  is  fitted  a  tube  bent 
at  a  right  angle  and  cut  off  just  beneath  the  rubber  stopper 
through  which  it  passes.  The  pump  supplies  water  and  air, 
the  former  being  drawn  off  or  forced  out  through  the  siphon- 
tube  and  the  latter  being  drawn  as  needed  from  the  other 
(outlet)  tube.  In  using  this  apparatus  the  only  precaution 
to  be  observed  is  that  neither  water  nor  air  be  drawn  off  faster 
than  it  is  supplied  by  the  pump.  If  the  outlet  of  the  siphon- 
tube  be  small,  the  air  is  supplied  under  considerable  pressure. 

{D)  Determination  of  Sulphuric  Acid. — Precipitated  barium 
sulphate  "  carries  down"  copper  salts^  perhaps  more  freely 
than  it  does  iron  salts.  For  this  reason  it  is  imperative  that 
the  copper  and  sulphuric  acid  be  separated  quantitatively, 
leaving  the  latter  under  such  conditions  that  it  can  be  pre- 
cipitated as  (relatively)  pure  barium  sulphate. 

It  is  apparent  that  in  this  case  the  copper  cannot  be  pre- 
cipitated as  sulphide.     Gibbs  proposed*  to  precipitate  copper 

'  Berzelius  :  Ann.  chim.  phys.,  [2],  14,  376. 
2  Ztschr.  anal.  Chem.,  7,  258. 
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with  sodium  carbonate.  We  precipitated  copper  by  this  method 
as  directed  in  Fresenius'  "  Quantitative  Analysis,'"  after 
we  had  treated  the  salt  with  a  slight  excess  of  dilute  hydro- 
chloric acid.  The  following  were  the  results  obtained  by  the 
careful  precipitation  of  barium  sulphate  in  the  filtrates  from 
the  copper  precipitates  after  an  excess  of  hydrochloric  acid 
had  been  added  to  these  filtrates  : 

Percentage  of 
Weight  of  salt  Weight  of  SO4  Percentage  of      S04  calculated  for 

taken  for  analysis.  found.  SO4  found.       CUSO4 +4NH3  +  HjO. 

Gram.  Gram. 

0.2832  0.0825  29.12  39.06 

0.3666  0.1076  29.36 

0.2522  0.0763  30-25 

0.3754  O.IIO8  29.52 

These  figures  showed  that  the  precipitates  contained  sul- 
phuric acid  which  had  been  retained  although  the  precipi- 
tates had  been  washed  till  the  wash-waters  no  longer  reacted 
with  barium  chloride.  The  presence  of  sulphuric  acid  in 
similar  precipitates  was  proven  later  by  qualitative  tests, 
which  also  showed  that  the  precipitates  consisted  partly  of 
carbonates.  The  four  original  precipitates  were  analyzed  for 
copper  by  Rose's  method.  The  results  showed  the  complete- 
ness of  the  previous  precipitations  of  copper,  and  that  the 
precipitates  could  be  washed  free  from  alkali  salts  ;  they  also 
served  along  with  the  sulphuric  acid  determinations  already 
given  to  show  that  the  proportion  of  copper  to  sulphuric  acid 
in  the  (Gibbs)  precipitates  is  very  approximately  4:1. 

Percentage  of  cop- 
Number  of  pre-  Weight  of  Percentage  of  cop-     per  calculated  for 
cipitate  taken.          copper  found.  per  found  in  salt.    CUSO4  +  4NH3  +  H2O. 
Gram. 

1  0.0733  25.87  25.86 

2  0.0952  25.97 

3  0.0654       25.93 

4  0.0971        25.87 

The  advantages  of  Gibbs'  method  for  precipitating  copper 
are  sufficiently  clear.  However,  it  cannot  be  used  to  separate 
sulphuric  acid  from  copper  because  the  green  precipitate  con- 

1  Sixth  German  edition,  I.,  331. 
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tains  one  equivalent  of  sulphuric  acid  to  every  four  of  copper 
present. 

The  copper  was  next  precipitated  as  hydroxide  by  the  ad- 
dition of  caustic  potash  to  solutions  of  the  salt  (previously 
made  slightly  acid  with  hydrochloric  acid),  according  to  the 
directions  of  Fresenius/  The  precipitates  were  difficult  to 
wash  and  when  tested  qualitatively  were  always  found  to  con- 
tain sulphuric  acid,  although  the  wash- waters  from  them  had 
no  longer  reacted  with  barium  chloride.  The  following  analy- 
ses (1-4)  of  the  precipitates  for  copper  by  Rose's  method 
show  that  they  had  irobably  retained  alkali  salts  in  addition 
to  the  sulphuric  acid  already  mentioned  ;  analyses  5  and  6 
were  made  by  applying  Rose's  method  to  the  original  salt  and 
are  given  for  comparison  : 


Weight  of 

Weight  of 

Percentage 

Percentage  of  cop- 
per calculated 

Number  of 
analysis. 

salt  taken 

for  analysis. 

Gram. 

copper 
fouud. 
Gram. 

of  copper 
found. 

forCuS04-f  4NHs-f- 
HoO. 

I 

0.3474 

0.0913 

26.23 

25.86 

2 

0.4444 

O.II68 

26.28 

3 

0.6471 

0.1690 

26.11 

4 

0.5107 

0.1337 

26.17 

5 

0.3146 

0.0813 

25.84 

6 

0.3546 

0.0916 

25.85 

We  next  tried  adding  the  solution  of  the  copper  salt,  pre- 
viously acidified  with  h5''drochloric  acid,  to  an  excess  of  caus- 
tic soda.  The  precipitates  thus  formed  are  comparatively 
easily  washed,  and  afterward  do  not  contain  any  sulphuric 
acid.  Further,  in  this  procedure  it  is  not  necessary  to  use  a 
large  excess  of  alkali  so  that  after  the  filtrates  have  been 
acidified  and  before  the  sulphuric  acid  in  them  is  precipitated 
they  contain  comparatively  small  amounts  of  alkali  salts. 
This  is  an  advantage,  because  alkali  salts  are  also  "  carried 
down"  by  barium  sulphate.  There  is  a  further  advantage  in 
using  caustic  soda,  for  potassium  salts  are  "  carried  down" 
in  larger  quantities  than  sodium  salts.'  The  results  given  on 
page  267  show  the  degree  of  accuracy  of  this  method.  In  de- 
tail, the  procedure  was  as  follows  : 

1  Loc.  cil.,  p.  329. 

2  Kretschy  :  Ztschr.  anal.  Chem.,  lo,  396. 
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A  quantity  of  the  copper  salt  containing  about  0.09  gram 
of  copper  was  weighed  into  a  small  beaker  containing  about 
50  cc.  of  water.  Hydrochloric  acid  was  then  added  until  the 
precipitate  at  first  formed  had  completely  redissolved.  About 
150  cc.  of  a  solution  of  sodium  hydroxide  (free  from  sul- 
phates), containing  2  grams  of  sodium  hydroxide  per  liter, 
were  heated  to  boiling  in  a  large  beaker.  The  copper  solu- 
tion was  slowly  stirred  into  the  boiling  liquid,  the  transfer 
being  completed  with  water.  The  mixture  was  boiled  gently 
for  a  few  minutes  and  then  digested  for  about  half  an  hour 
just  below  the  boiling  temperature.  The  solution  was  filtered 
while  hot.  The  precipitate,  which  had  been  retained  in  the 
beaker,  was  washed  four  times  by  decantation  wita  hot  water  ; 
it  was  then  transferred  to  the  filter  and  again  washed  with 
hot  water  until  the  wash-waters  did  not  give  a  precipitate 
with  barium  chloride.  The  precipitate  was  then  tested  for 
sulphuric  acid  after  it  had  been  dissolved  in  dilute  hydro- 
fhloric  acid.  The  entire  filtrate  was  acidified  with  hydro- 
chloric acid  and  treated  with  an  excess  of  barium  chloride, 
observing  the  well-known  precautions.  The  barium  sulphate 
was  treated  as  is  usual. 

The  suggestion  of  Kiister  and  Thiel  to  "  remove  the  ion"  ^ 
that  interferes  in  precipitations  of  barium  sulphate  was  tried 
in  each  of  the  above  cases.  The  following  are  the  records  of 
the  experiments  : 

I.  Copper  was  precipitated  by  sodium  carbonate,  an  excess 
of  barium  chloride  was  added  to  the  hot  mixture,  and  then  an 
excess  of  hydrochloric  acid  was  added  to  dissolve  the  copper 
precipitate.  The  barium  sulphate  was  digested  with  the  acid 
solution  about  half  an  hour,  and  then  collected  and  treated 
as  usual.  The  results  are  among  those  given  below  and  are 
numbered  i  and  2. 

II.  Copper  was  precipitated  by  adding  caustic  potash  ;  the 
rest  of  the  treatment  was  as  in  I.  The  results  are  numbered 
3  and  4. 

III.  Copper  was  precipitated  by  adding  the  solution  con- 

1  Ztschr.  anorg.  Chem.,  19,  99. 
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taining  it  to  an  excess  of  caustic  soda  ;  the  rest  of  the  treat- 
ment was  as  in  I.     The  results  are  numbered  5  and  6. 

Percentage 
of  SO4  calcula- 
ted for  CUSO4  + 

4NH3  +  H2O. 

39.06 


Number  of 
analysis. 

Weight  of 

salt  taken  for 

analysis. 

Weight 

OfS04 

found. 

Percentage 

of  SO4 

found. 

Gram. 

Gram. 

I 

O.261I 

0.1068 

40.91 

2 

0.2548 

0.1047 

41. II 

3 

0.2642 

0.1052 

39-83 

4 

0.2757 

0.1087 

39-44 

5 

6 

0.2135 

0.2088 

0.0847 
0.0832 

39.67 
39-84 

In  our  opinion  the  method  of  Kiister  and  Thiel  is  not  ap- 
plicable in  the  presence  of  copper. 

//.  Preparation  of  the  Salt  CuSO,  -f  4NH^  -\-  Hfi. 

(A)  Berzelius'  Method. — The  preparation  of  this  salt  is  said 
to  have  been  described  first  by  Stisser.^  Berzelius,  however, 
was  the  first  to  assign  a  formula  to  it.  The  method  of  prepa- 
ration advised  by  him  consists  in  treating  a  solution  of  cop- 
per sulphate  with  an  excess  of  ammonia  water  and  adding 
alcohol  to  the  resulting  purple  solution.  If  the  alcohol  be 
carefully  poured  upon  the  purple  solution,  crystals  of  the  salt 
form  at  the  surface  of  contact  of  the  two  liquids.  If  the  alco. 
hoi  be  slowly  added  and  mixed  with  the  purple  solution,  the 
salt  separates  as  a  pulverulent  crystalline  deposit. 

We  have  found  that  in  any  case  the  salt  is  very  unstable 
after  it  is  removed  from  its  mother-liquor.  Only  small  quan- 
tities of  it  can  be  dried  between  filter-papers  or  on  unglazed 
porcelain  plates  without  considerable  decomposition.  This 
decomposition  is  clearly  indicated  by  the  odor  of  ammonia 
above  the  salt.  The  following  are  analyses  of  small  quanti- 
ties of  the  salt  dried  thus  as  quickly  as  possible  : 

Percentage 

of  ammonia 

calculated  for 

CuS04  +  4NHg 

+  H2O. 

27-75 
27.57(Ty 

1  1693.    See  Roscoe  and  Schorlemmer,  II.,  i,  339. 

2  All  experiments  and  analyses  made  by  E.  E.  Taylor  will  be  marked  (T). 


Weight  of 

salt  taken 

for  analysis. 

Weight  of 

ammonia 

found. 

Percentage  of 

ammonia 

found. 

Grams. 

Gram. 

I. 

I. 1978 

0.3296 

27-5i(T)^ 

II. 

0.6519 

0.1797 

27.57(Ty 
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If  larger  quantities  are  dried,  even  though  they  are  first 
washed  with  absolute  alcohol,  the  decomposition  has  time  to 
go  much  further,  as  is  seen  from  the  following  analyses  of  a 
specimen  of  perhaps  30  grams  : 


Weight  of  salt 
taken  for 
analysis. 

Weight  of 

ammonia 

found. 

Percentage  of 

ammonia 

found. 

Percentage  of  am- 
monia calculated 
for  CUSO4  +  4NH3  + 
HjO. 

Gram. 

Gram. 

0.4979 

0.1298 

26.o7(T) 

27-75 

0.5022 

0.1326 

26.5o(T) 

0.4852 

0.1245 

25-66(T) 

If  the  salt  is  prepared  in  large  crystals,  as  it  readily  can  be, 
and  the  surfaces  of  these  are  quickly  dried  with  filter-paper, 
a  pure  product  is  not  obtained  because  the  mother-liquor  is 
occluded  in  large  amounts  by  the  crystals. 

Bouzat  prepared  crystals  of  this  salt  for  use  in  his  calori- 
metric  studies,  by  cooling  a  hot  concentrated  solution  of  it  and 
quickly  drying  the  crystals  that  separated  between  filter- 
paper.  His  methods  of  analysis  are  not  described  in  his 
paper,  but  the  analyses  for  ammonia  of  his  preparation  gave 
results  surprisingly  like  those  we  obtained  by  analyzing  the 
same  salt  dried  in  the  same  way,  but  known  by  us  to  have 
partly  decomposed  in  the  drying.  He  found  for  ammonia, 
26.25  and  26.45  per  cent.^  He  ascribes  to  the  salt  the  for- 
mula CuS04H-4NH3  + 3/2H2O,  which  represents  a  salt  con- 
taining 26.77  per  cent  ammonia. 

The  analysis  given  by  Berzelius  is  as  follows  : 


CuO 
SO3 
NH3 
H,0 

Calculated  for 
CUSO4  +  4NH3  +  H2O. 

32.37 
32.55 
27-75 

7-33 

Found. 
32.22 

32.58 

27.89 

7-31 

100.00 

100.00 

Though  the  pure  salt  cannot  be  prepared  by  drying  be- 
tween filter-papers,  apparently  it  can  be  prepared  in  some 
other  way. 

We  prepared  a  quantity  of  the  salt  by  Berzelius'  method 

1  Loc.  cit.,  p.  356. 
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and  quickly  transferred  specimens  of  it  from  its  mother-liquor 
to  unglazed  porcelain  plates,  in  desiccators.  The  desiccators 
contained,  respectively,  calcium  chloride,  sulphuric  acid, 
solid  potassium  hydroxide,  and  a  small  vessel  of  strongest 
ammonia  water,  and  lime.  In  the  first  and  second  desiccators 
the  salt  soon  became  opaque  in  spots  on  its  surface.  In  the 
third,  the  crj'Stals  seemed  to  change  only  in  color,  though  it 
was  found  later  that  they  were  losing  weight  slowl3'  at  the 
same  time.  In  the  fourth  desiccator  (over  lime),  no  change 
in  the  salt  could  be  seen. 

The  steady  loss  in  weight  of  the  crystals  over  potassium 
hydroxide  and  ammonia  water  was  observed  for  two  weeks. 
Several  of  the  crystals  were  then  analyzed  for  ammonia  with 
the  following  results  : 

Percentage  of  ara- 
Weight  of  Weight  of  Percentage  of        monia  calculated 

salt  taken  ammonia  ammonia  for  CUSO4  +  4NH3  + 

for  analysis.  found.  found.  HgO. 

Gram.  Gram. 

0.4989  0.1395  27.97(T)  27.75 

0.4895  0.1372  28.03(T) 

Under  these  conditions  the  salt  had  apparently  taken  up 
more  ammonia.  We  have  studied  this  change  in  the  salt 
further  and  will  refer  to  it  later  (p.  268).  Kohlschiitter  has 
since^  used  this  same  method  for  drying  the  cuprammonium 
salts  used  in  his  investigations.  Reference  to  his  paper  will 
show  that  his  analytical  results  for  ammonia  are  also  high. 

The  crystals  dried  over  lime  soon  ceased  to  change  in 
weight.  Some  of  the  salt  thus  dried  was  finely  ground  and 
put  in  a  vacuum  over  lime  ;  it  was  weighed  at  intervals  with 
the  following  results  : 

Gram. 

Original  weight  0.6736 

Weight  after  13  hours  0.6733 

Weight  after  40  hours  0.6733 

We  then  prepared  more  of  the  salt  by  Berzelius'  method, 
precipitating  it  as  a  crystalline  powder.  This  was  dried  over 
lime  and  analyzed  for  copper  and  ammonia  with  the  following 
results : 

1  Ber.  d.  chcm.  Ges.,  37,  1153-70  (1904). 
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I.  Cu 


Weight  of 

salt  taken 

for  analysis. 

Weight  of 
copper 
found. 

Percentage 

of  copper 

found. 

Percentage 

of  copper 

calculated  for 

CUSO4  +  4NH3  + 

HoO. 

Gram. 

Gram. 

0.6918 
0.4882 
0.4888 

0.1785 

0.1573 
O.I581 

25.8o(T) 
25-73(T) 
25.84('r) 

25.86 

Weight  of 

salt  taken 

for  analysis. 

Weight  of 

ammonia 

found. 

Percentage  of 

ammonia 

found. 

Percentage  of 
ammonia  calcu- 
lated for 
CUSO4  +  4NH3  + 
H2O. 

Gram. 

Gram. 

0.3098 
0.4184 
0.4184 

0.0860 
O.II61 
O.II57 

27.76(T) 
27.75(T) 
27.65(T) 

27-75 

II.  NH, 


These  analyses  of  the  purple  cuprammonium  sulphate  are 
in  accord  with  that  by  Berzelius,  upon  which  the  formula 
CuSO,  +  4NH3H-  H,0  is  based. 

{B~)  MallaerVs  Method. — The  method  suggested  by  Mal- 
laert^  for  the  preparation  of  the  salt  CuSO^  +  4NH3  +  H3O 
consists  in  the  action  of  ammonia  gas  on  solid  CuSO^+  5H2O. 
We  observed  a  very  rapid  change  to  purple  color  when  finely 
ground  copper  sulphate  was  put  in  a  desiccator  over  ammonia 
water.  This  promised  to  be  a  convenient  method  for  the 
preparation  of  the  salt  CuSO^-t-4NH3+ H3O,  provided  the 
purple  product  is  of  this  composition. 

"  Pure"  copper  sulphate  was  recrystallized  five  times  from 
water  and  its  purity  assured  by  the  following  analyses  of  the 
(air-dried)  product  : 


Weight  of  salt 

taken  for  analysis. 

Gram. 

0.4404 
0.4267 
0.3598 


Weight  of  cop- 
per found. 
Gram. 

O.II2I 
0.1087 
0.0915 


Percentage  of  cop- 
Percentage  of  per  calculated  for 
copper  found.  CUSO4  -t-  sHjO. 


25-47 
25-47 
25-44 


25.47 


Specimens  of  this  salt  were  weighed  into  porcelain  boats 
and  the  boats  put  into  glass  tubes  in  a  current  of  air  that  had 
first  bubbled  through  ammonia  water  (sp.  gr.  0.09).  The 
boats   were    frequently   transferred    rapidly   to   well-ground 

1  Jour,  de  Pharm.  d'Anvers,  1848,  217;  Jsb.  (Svanberg),  30,  119  (1851). 


Cuprammonium  Sulphates.  265 

glass-stoppered  weighing-tubes  and  weighed.     The  following 
were  the  results  : 

Time  in  Weight  of  specimen.  Changes  in  weight, 

minutes.  i.  II.  I.  II. 

Grams.  Grams.  Gram.  Gram. 

o  2.0622  1-5436 

15  2.3575  1.8485  +0.2953  +0.3049 

40  2.4628  1.8994  +0-I053         +0.0509 

55  1-9035  +0.0041 

60  2.5170  +0.0442 

85  2.5261  1. 8912  +0.0991         — 0.0123 

105  2.5238  —0.0023 

135  2.49ii(T)  —0.0327 

150  i.86o8(T)  — 0.0304 

The  weighings  were  continued  for  half  a  day  longer  and 
showed  continued  losses.  At  the  end  of  that  time  the  speci- 
mens were  about  0.3  gram  heavier  than  the  original  CuSO^  + 
SHjO.  The  above  figures  show  maxima  corresponding  to 
gains  in  weight  of  22.5  and  23.2  per  cent,  respectively.  A 
gain  of  24  per  cent  would  represent  the  addition  of  3  mole- 
cules of  ammonia  to  each  molecule  of  CuSO^  +  5H2O.  Such 
addition-products  have  been  described,  especially  in  connec- 
tion with  the  action  of  hydrochloric  acid  on  copper  sulphate  ;^ 
for  example,  CuSO,+  5H,0+  3HCI. 

Whatever  may  be  the  case  in  other  instances,  the  products 
here  are  mixtures,  as  was  clearly  shown  by  the  mixed  colors 
of  the  contents  of  the  boats  after  drying  over  lime.  The 
colors  ranged  from  sky-blue  to  purple.  The  action  by  which 
the  colored  mixtures  are  produced  is  accompanied  by  consid- 
erable evolution  of  heat. 

To  avoid  the  mechanical  retention  of  much  water  on  the 
surface  of  the  salt  (as  was  the  case  in  the  glazed  porcelain 
boats),  and  to  allow  sufl&cient  time  for  the  action  to  complete 
itself,  pure  copper  sulphate  was  next  placed  on  an  unglazed 
porcelain  plate  in  a  desiccator  containing  ammonia  water  (sp. 
gr.  0.9).  The  following  analyses  for  ammonia  were  made  of 
specimens  that  were  dried  over  lime  after  removal  from  the 
desiccator  containing  ammonia  water.     I.  was  a   specimen 

1  Latschinoff :  J.  Russ.  Phys.  Chem.  Soc,  iS88,  pp.  5S6,  657,  707.  Jsb.,  I,  621  (iS88)  ; 
1,517(1889). 
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taken  after  three  days,  and   II.  was  a  specimen  taken  after 
four  months : 


Weight  of 

salt  taken 

for  analysis. 

Weight  of 

ammonia 

found. 

Percentage 

of  ammonia 

found. 

Gram. 

Gram. 

I. 

0.3577 

0.0962 

26.93 

II. 

0.4305 

O.II9I 

27.70 

0.4594 

0.1278 

27.82 

Percentage 

of  ammonia 

calculated  for 

CUSO4  +4NH3  + 

H2O. 


27.75 


From  the  analyses  of  II.  it  might  be  inferred  that  the  final 
product  of  the  action  of  ammonia  gas  on  pentahydrated  cop- 
per sulphate  is  CuS0^4-  4NHj  -|-  HjO,  as  was  stated  by  Mal- 
laert.  This  was  disproved  in  two  ways ;  first,  by  the  analy- 
ses of  II.  for  copper,  and  second,  by  the  fact  that  II.  was  not 
completely  soluble  in  water  but  left  a  green  insoluble  residue. 
The  analyses  for  copper  resulted  as  follows  : 


Weight  of  salt 

taken  for  analysis. 

Gram. 

0.2945 
0.3227 


Weight  of 

copper  found. 

Gram. 

0.0769 
0.0843 


Percentage  of  cop- 
Percentage  of  per  calculated  for 
copper  found.  CUSO4  +  4NH3  +  H2O. 


26.13 
26.13 


25-87 


We  conclude  that  the  product  of  the  action  of  ammonia  gas 
on  pentahydrated  copper  sulphate  is  not  the  salt 

CuSO^  +  4NH3  -h  H,0, 

as  stated  by  Mallaert,  and  as  indicated  by  the  percentage  of 
ammonia  found  in  the  final  product,  but  that  it  is  a  mixture 
containing  basic  salts  or  copper  oxide. 

(C)  Andrae's  Method. — Andrae^  has  stated  that  when  am- 
monia gas  is  passed  into  a  solution  of  copper  sulphate  fine 
crystals  of  the  salt  CuSO^  +  4NH3  -|-  HjO  separate  out  as  the 
concentration  of  ammonia  in  the  liquid  rises.  Analyses  are 
not  given  in  Andrae's  paper.  This  method  by  which  the 
solid  is  produced  gradually  and  in  fine  crystals  is,  in  our 
opinion,  the  best  for  the  preparation  of  the  pure  salt. 

We  prepared  several  hundred  grams  of  the  salt  by  this 
method  and  dried  it  over  lime.     We  then   made  a  complete 

1  Compt.  rend.,  lOo,  1138. 
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analysis  of  it,  and  have  used  it  as  the  basis  for  the  rest  of  our 
work.     The  following  results  were  obtained  in  its  analysis  : 


Constituent 
determined. 

Weight  of  salt 
taken  for 
analysis. 

Weight  of  con- 
stituent 
found. 

Percentage  cal- 
Percentage  of        culated  for 
constituent      CUSO4  +  4NH3  + 
found.                     H2O. 

Gram. 

Gram. 

Cu 

0-3543 

0.0916 

25.86 

25.86 

0.4790 

0.1239 

25-87 

0.5120 

0.1325 

25.88 

0.4907 

0.1268 

25.84 

SO, 

0.3378 
0.2631 

0.1324 
0.1026 

39.i9(Ty 
39.oo(T) 

39.06 

0.3100 
0.3383 

O.I2I2 
0.1322 

39.o9(T) 
39-o8(T) 

NH3 

0.4419 
0.3927 
0.5358 
0.3833 

0.1220 
0.1092 
0.1488 
0.1067 

27.6i(T) 
27.8o(T) 
27-77(T) 
27.84(T) 

27-75 

H,0 

0.6691 

0.0494 

7.38^ 

7-33 

0.5701 

0.0417 

7-31 

1.2860 
0.5967 

0.0944 
0.0438 

7-34 
7-34 

Specimens  taken  from  this  quantity  of  salt  were  used  in  all 
of  the  subsequent  experiments  involving  CuSO^  +  4NH3  -|- 
HjO  described  in  this  paper. 

///.  Properties  of  the  Salt  CuSO^  +  4NH^  +  H^O. 

The  dry  salt  is  odorless.  However,  ammonia  is  given  off 
by  it  instantly  when  it  is  moistened,  and  very  soon  when  it  is 
exposed  to  the  air.  It  is  perfectly  stable  when  kept  in  a 
closed  space  over  lime,  as  is  proven  by  the  following  analyses 
of  a  specimen  taken  from  that  quantity,  the  complete  analysis  of 
which  has  just  been  given.  This  specimen  had  been  kept 
over  lime  one  year : 

Percentage 

calculated  for 

CUSO4  +  4NH3  + 

H2O. 

25.86 


27-75 


Constituent 
determined. 

Cu 

Weight  of 

salt  taken 

for  analysis. 

Gram. 

0.4102 

Weight  of 

constituent 

found. 

Gram. 

0.1060 

Percentage  of 

constituent 

found. 

25-85 

0.5012 
0.5209 

0.1297 
0.1348 

25-87 
25-88 

NH3 

0.4766 
0.5006 
0.3806 

0.1322 

0.1393 
0.1057 

27-74 
27.82 
27.77 

1  Determined  by  method  described  on  page  260. 
*  Determined  by  method  described  on  page  256. 
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The  dry  salt  is  not  stable  in  a  vacuum  over  concentrated 
sulphuric  acid,  as  is  shown  by  the  following  weighings  of  a 
finely  ground  specimen  of  it  that  was  treated  in  this  way  : 

Gram. 

Original  weight  o-437i 
Weight  after  twenty-four  hours  0.4355 
"      fifty-two           "  0.4328 
"           "      three   hundred   and  six- 
teen hours  0.4144 

The  salt  dissolves  readily  in  small  quantities  of  water,  giv- 
ing perfectly  clear  solutions.  Its  solubility  in  water  between 
21°  and  22°  C.  was  determined  by  sealing  a  quantity  of  the 
salt  in  a  glass  tube  with  a  quantity  of  water  ;.hat  was  not 
suflScient  to  dissolve  it,  and  shaking  the  tube  four  hours. 
The  contents  of  the  tube  were  centrifuged  after  the  shaking 
was  complete  and  before  the  tube  was  opened.  Two  weighed 
quantities  of  the  clear  liquid  then  taken  from  above  the  crys- 
tals in  the  tube,  by  means  of  a  pipette,  were  evaporated  to 
dryness  and  analyzed  for  copper.  The  results  were  as  fol- 
lows : 

Weight  of  CuaS 
Weight  of  solu-  Weight  of  CuaS  yielded  by  i  gram 

tion  analyzed.  found.  of  solution. 

Grams.  Gram. 

2.2723  0.2252  0.0991 

1.4955  O.I481  0.0990 

The  corresponding  weight  of  the  salt  CuSO<  -|-  4NH3  -f 
HjO  that  was  dissolved  by  100  grams  of  water  at  21°  to  22°  C. 
was  18.05  grams. 

The  salt  takes  up  ammonia  in  a  desiccator  over  sticks  of 
potassium  hydroxide  and  a  very  little  ammonia  water.  This 
has  been  proven  already  on  page  263.  In  this  first  experi- 
ment, however,  the  analyses  were  made  after  the  salt  had 
been  exposed  thus  for  only  about  two  weeks.  Latschinoff  has 
stated  that  the  molecule  of  water  in  the  salt  CuSO^  -\-  4NH3  + 
HjO  is  replaced  by  a  molecule  of  ammonia,  in  an  atmosphere 
of  dry  ammonia.  In  another  experiment,  therefore,  we  kept 
this  salt  over  sticks  of  potassium  hydroxide  and  a  few  drops 
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of  concentrated  ammonia  water  for  four  months  before  the  fol- 
lowing analyses  of  the  resulting  product  were  made  : 

Weight  of  Weight  of  Percentage  of  Percentage 

Constituent       salt  taken  constituent             constituent  calculated  for 

determined,    for  analysis.  found.                     found.  CUSO4  +  5NH3. 

Gram.  Gram. 

NH,         0.4513  0.1558  34.52  34.83 

0.3517  0.1217  34.59 

Cu  0.3638  0.0946  26.01  25.97 

0.4145  0.1079  26.02 

The  salt  had  not  lost  its  crystalline  form  in  the  four  months. 
Its  color  had  become  less  purple  (bluer)  than  it  was  origi- 
nally. 

The  analyses  show  that  under  the  stated  conditions  ammo- 
nia had  entered  the  molecule  of  the  salt  in  the  place  of  water; 
they  show  in  addition  to  this,  however,  that  the  reaction  is 
not  a  clean  one,  resulting  in  the  formation  of  the  compound 
CuSO^  4"  5NH,,  but  one  giving  rise  to  mixed  products  con- 
taining basic  salts  or  copper  oxide. 

IV.  Behavior  of  the  Salt  CuSO,  +  4.NH^  -\-  H^O  at  Elevated 
Teviperatures. 

Kane  has  stated  that  when  the  salt  CuSO,  +  4NHj  -f  H^O 
is  heated  at  a  temperature  not  above  149°  C.  it  loses  one-half 
of  its  ammonia  and  all  of  its  water,  and  that  the  residue  is  an 
"  apple-green  powder"  of  the  composition  CUSO4+2NH3; 
that  at  temperatures  not  above  203°  C.  one-half  of  the  remain- 
ing ammonia  is  lost,  giving  a  residue  of  the  composition 
CuSO^  +  NHj ;  and  that  at  260°  C.  all  of  the  ammonia  is 
driven  off  and  anhydrous  copper  sulphate  remains. 

In  Kane's  memoir  there  are  the  results  of  only  three  ex- 
periments upon  this  subject,  and  these  we  tabulate  : 

Percentage  loss 

calculated  if 

CUSO4  +  2NH3 

is  residue. 

21.20 


Weight  of 
salt  heated. 

Weight  of 
residue. 

"  Parts  in  loo" 
of  residue. 

Percentage 

loss  in 

weight  by 

heating. 

Grams. 

Grams. 

1.969 

1-545 

78.47 

21.53 

4.921 

3-854 

78.32 

21.68 

5.042 

3.921 

77-77 

22.23 
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In  this  connection  Kane  says  :    ' '  The  calculated  percentage 
composition  of  ammoniacal  copper  sulphate  is  : 

SO,  32.58 

CuO  32.22 

2NH3  27.89 

HO  7-31 


100.00 

which  is  evidently  transformed  by  heat  into 

CUO.SO3  64.80  HO  7.31 

NH,  13-95  NH3  13.94 


78-75  21.25 

Thus  it  is  demonstrated  by  experiment  that  by  the  first  ac- 
tion of  heat  all  of  the  water  and  half  of  the  ammonia  is  driven 
off,  and  that  the  green  residue  consists  of  copper  sulphate 
united  with  one  equivalent  of  ammonia.  *  *  *  j  have 
tried  to  separate  the  water  without  loss  of  ammonia  by  the 
most  careful  management  of  the  flame,  but  could  not." 

It  is  surprising  that  there  is  in  the  memoir  no  other  evi- 
dence than  this  of  the  formation  and  composition  of  what  are 
announced  by  Kane  to  be  new  compounds.  As  has  already 
been  pointed  out,  losses  in  weight  cannot  be  relied  upon  to 
differentiate  water  from  ammonia.  Thus,  if  three-fourths  of 
the  ammonia  had  separated  from  the  salt  at  149°  C,  instead 
of  half  of  it  and  all  of  the  water,  the  loss  in  weight  would 
have  been  20.81  per  cent  instead  of  21.20  per  cent.  It  is  true 
that  Kane  proved  in  some  way,  to  his  own  satisfaction,  that 
water  is  given  off  with  the  ammonia,  but  how  he  determined 
that  all  of  the  water  is  given  off  it  is  impossible  to  say.  We 
shall  show  later  that  the  same  salt  as  that  with  which  he  was 
working  when  heated  to  100°  C.  instead  of  149"  C.  loses  on 
the  average  21.12  per  cent.  This  percentage  loss  differs  less 
from  the  21.20  per  cent  that  was  his  standard  of  reference  than 
do  his  own  experimental  results,  yet  at  100°  C.  the  salt  (we 
shall  show)  loses  more  than  half  of  its  ammonia  and  proba- 
bly retains  a  little  of  its  water. 

In  discussing  the  change  in  the  salt  CuSO^  +  4NHj  -|-  HjO 
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at  203°  C,  Kane  gives  no  figures  and  no  description  of  the 
product. 

(^  )  Behavior  of  the  Salt  CuSO^  +  ^NH^  +  Hfi  at  149°  C— 
We  fitted  out  a  copper  air-bath  with  a  Reichert  gas-regulator 
so  that  the  temperature  in  the  bath  could  not  rise  above  149°  C. 
We  heated  a  specimen  of  the  pure  CuSO^  -|-  4NH3  +  HjO  in 
this  bath  for  two  hours.  The  product  was  an  "  apple-green 
powder."  The  following  results  were  obtained  when  this 
product  was  analyzed  for  ammonia  : 


Weight  of 
powder  taken 
for  analysis. 

Weight  of 

ammonia 

found. 

Percentage  of 

ammonia 

found. 

Percentage  of 
ammonia  cal- 
culated for 
CUSO4  +  2NH8. 

Gram. 

Gram. 

0.6815 
0.6522 
0.6516 

O.I  1 30 

0.1080 
0.1076 

i6.58(T) 
i6.56(T) 
i6.5i(T) 

17.61 

Another  quantit}'  of  the  pure  salt  CuSO,  -f  4NH,  -f-  H,0 
was  then  heated  in  a  Victor  Meyer  bath  containing  a  fraction 
of  illuminating  oil  boiling  between  144°  and  147°  C.  After  a 
few  hours  the  product  was  removed  and  analyzed  for  ammo- 
nia and  copper.  It  is  interesting  to  note  that  the  product  was 
again  of  an  "  apple-green"  color,  and  that  it  was  of  a  differ- 
ent shade  of  green  from  that  produced  in  the  former  experi- 
ment.    The  analytical  results  were  as  follows  : 


Constituent 
determined. 

Weight  of 

powder  taken 

for  analysis. 

Gram. 

Weight  of 
constituent 

found. 

Gram. 

Percentage  of 

constituent 

found. 

Percentage 
calculated  for 
CUSO4  -h  2NH3. 

NH, 

0.5085 
0.5087 
0.4840 

0.0861 
0.0863 
0.0822 

16.93(1^) 
i6.96(T) 
i6.98(T) 

17.61 

Cu  0.4597  0.1513  32.92  32.82 

The  insufficiency  of  Kane's  data  is  emphasized  by  these 
experiments.  The  "apple-green  powders"  were  mixtures 
whose  uniformity  depended  upon  the  fact  that  they  were 
stirred  thoroughly  during  the  heatings.  Their  composition  is 
not  even  approximately  represented  by  the  formula 

CuSO,  +  2NH,. 

No  more  direct  way  to  find  out  just  what  takes  place  when 
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the  salt  CuSO.H-  4NH3  +  H^O  is  heated  at  149°  C.  suggested 
itself  than  to  heat  weighed  quantities  of  the  pure  salt  under 
such  conditions  that  all  the  water  and  ammonia  evolved  by  it 
could  be  collected  separately  and  weighed,  and  the  residue 
weighed.  The  apparatus  used  for  this  purpose  has  been  de- 
scribed on  page  256.  The  results  of  four  experiments,  lasting 
two  hours  each,  were  as  follows  : 
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Gram. 

Gram. 

Gram. 

Gram. 

0.6691 

0.5255 

21,46 

0.0494 

7.38 

0.0953 

14.24 

0.5701 

0.4481 

21.39 

0.0417 

7-31 

0.0807 

14.15 

0.5846 

0.4597 

21.37 

0.0431 

7-37 

0.0828 

14.16 

0.5260 

0.4135 

21.39 

0.0388 

7.38 

0.0745 

14.16 

Calculated  percentage  loss  in  weight  when  CuSO^  + 
4NH3  +  HjO  is  converted  into  CuSO^  -|-  2NH3  =  21.20. 

Calculated  percentage  of  water  in  the  salt  CuSO^  + 
4NH3  4-H,0  =  7.33. 

One-half  the  calculated  percentage  of  ammonia  in  the  salt 
CuSO,  +  4NH3  4-H,0=  13.8. 

Analyses  of  the  residues  for  ammonia  resulted  as  follows  : 

Percentage  of 
Weight  of  Weight  of  Percentage  of  ammonia  cal- 

residue  taken  ammonia  ammonia  culated  for 

for  analysis.  found.  found.  CUSO4  +  2NH3. 

Gram.  Gram. 

0.2379  0.0417  i7.48(T)  17.61 

0.3182  0.0552  17-35(1') 

These  experiments  show  that  even  when  the  salt  CuSO^  + 
4NH3  -|-  HjO  is  decomposed  in  dry  air  at  149°  C.  the  product 
is  not  a  definite  chemical  compound  but  a  mixture  that  ap- 
proximates in  composition  to  the  formula  CuS0^4-2NH3. 
This  mixed  product  has  a  pale-blue  color,  in  no  way  like  the 
' '  apple-green' '  color  of  the  products  in  the  previous  experi- 
ments. 
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{B)  Behavior  of  the  Salt  CuSO^  +  ^NH^  ■\- Hfi  at  125°  C. 
— A  recent  paper  by  Sabbatani  that  was  available  to  us  only 
in  abstract^  states  that  at  temperatures  from  120°  to  125°  C. 
both  of  the  salt  CuSO,  +  4NH3  +  H,0  and  CuCl,  +  4NH3  -|- 
HjO  lose  half  of  the  ammonia  and  all  of  the  water  they  con- 
tain. The  abstract  gives  no  details.  We  carried  out  ex- 
periments with  specimens  of  the  first  of  these  two  salts  at  120° 
to  125°  C.  in  the  same  apparatus  as  those  at  149°  C.  The  re- 
sults were  as  follows  : 
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Grams. 

Grams. 

Gram. 

Gram. 

1.2860 

I 

.0126 

21.25 

0.0944 

7-35 

O.1812 

14.09 

0.6195 

0 

.4872 

21.34 

0.0465 

7-50 

0.0868 

14.01 

0.5967 

0 

.4699 

21.25 

0.0438 

7-35 

O.081I 

13-59 

0.4099 

0 

•3225 

21.32 

0.0297 

7-25 

0.0558 

13-63 

The  percentage  losses  are  less  than  at  149°  C.  and  the  prod- 
uct approaches  in  composition  more  nearly  to  the  formula 
CuSO,  H-  2NH3.  The  color  differed  very  little  from  that  of 
the  product  at  149°  C,  being  slightly  bluer. 

(C)  Behavior  of  the  Salt  CuSO^  -f-  iNH^  +  Hf)  at  100°  C— 
We  noticed  that  this  salt  is  decomposed  also  at  100°  C. 
When  heated  in  dry  air  at  100°  C.  a  product  having  constant 
weight  is  finally  obtained.  The  following  results  show  this, 
and,  incidentally,  the  accuracy  associated  with  all  the  experi- 
ments in  this  paper  that  involve  the  weighing  of  boats  and 
residues  : 

Grams. 

(6)  Total  weight  (tube,  boat,  and  residue)  10.39500 
Weight  after  twelve  hours  more  at  100°  C.  10.39358 

"     twenty      "         "     "     "      "  10.39359 

"          "     thirty-six  hours  more  at  100°  C.  10.39351 

(7)  Total  weight  (platinum  boat  and  residue)  1.16791 
Weight  after  three  hours  more  at  100°  C  1.16791 

(8)  Total  weight  (platinum  boat  and  residue)  i. 21362 
Weight  after  six  hours  more  at  100°  C.  i. 21363 

1  Jsb.,  I,  96  (1897) ;  Ann.  Chim.  Pharm.,  a6,  337. 
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Repeated  experiment  showed  that  the  losses  in  weight  are 
not  always  the  same.  This  is  readily  seen  from  the  following 
figures  : 


Number  of 

Weight  of  salt 

Weight  of  residue 

Percentage  loss 

experiment. 

heated. 

after  heating. 

in  weight. 

Gram. 

Gram. 

I 

0.4894 

0,3878 

2o.75(T) 

2 

0.4564 

0.3606 

20.99 

3 

0.4164 

0.3273 

2i.39(T) 

4 

0.4664 

0.3669 

21-33 

5 

0.4332 

0.3410 

2I.28(T) 

6 

0.4184 

0.3300 

21.24 

The  analyses  of  the  products  in  these  experiments  indicated 
that  they  were  of  varying  composition  : 


Weight  of 

Weight  of 

Percentage  of 

Constituent 

residue  taken 

constituent 

constituent 

determined. 

for  analysis. 

found. 

found. 

Gram. 

Gram. 

NH3 

0.8167 

0.1358 

i6.62(T) 

0.2201 

0.0368 

i6.72(T) 

O.I9II 

0.0324 

i6.83(T) 

0.2393 

0.0394 

i6.48(T) 

Cu 

O.23II 

0.0741 

32.07 

0.1873 

0.0602 

32.18 

0.2215 

0.0896 

32.23 

Ivatschinoff  has  stated  that  when  hydrochloric  acid  is  led 
over  pentahydrated  copper  sulphate  at  room  temperature 
there  results  by  degrees  the  compound  CuSO^  +  5H3O  H- 
3HCI,  and  by  further  action  the  compound  CuSO^  +  2H2O  + 
2HCI,  which  breaks  down  when  air  is  led  over  it  into 
CuSO,  +  H5O  +  iHCl.  This  |^HC1  cannot  be  removed  by  a 
stream  of  air.  He  has  also  stated  that  when  the  compound 
CuSO^  +  5NH3  is  heated  under  certain  conditions  the  final 
product  is  CuSO^  +  iNHj.  Evidence  of  this  kind  is  of 
especial  interest  as  bearing  upon  the  molecular  weight  of 
(solid)  copper  sulphate.  At  first  we  believed  that  the  residue 
we  obtained  at  100°  C.  might  be  classed  with  these  interesting 
compounds.  Thus,  if  the  product  was  fairly  represented  by  the 
formula  CuS0,4-  i|-NH3+  |-H,0  it  would  be  formed  from  the 
salt  CuSO^  +  4NH3  -f-  H,0  by  a  loss  of  21.15  per  cent,  and  it 
would  contain  16.50  per  cent  ammonia  and  32.79  per  cent  cop- 
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per.  The  experimental  results  that  have  been  given  do  not 
quite  agree  with  these  calculated  values,  but  approximate  to 
them .  This  might  be  due  to  the  water  evolved  from  some  of  the 
salt  acting  upon  those,  or  other,  parts  of  the  specimen  produc- 
ing mixed  products.  To  avoid  this  as  far  as  possible  we  heated 
very  small  quantities  of  pure  CuSO^  -f"  4NH3  +  H^O,  carefully- 
spread  out  in  thin  layers  on  the  bottom  of  a  thin  platinum 
boat.  This  boat  was  used  to  distribute  better  the  error  in 
weighing.     The  following  results  were  thus  obtained  : 


Number  of 
experiment. 

Weight  of  salt 
heated. 

Weight  of  residue        Percentage  loss 
after  heating.                in  weight. 

Gram. 

Gram. 

7 
8 

0.0682 
O.I261 

0.0537 
0.0996 

21.21 
20.96 

9 

O.III2 

0.0877 

21.08 

ID 

0.1746. 

0.1377 

21.15 

II 

O.1617 

0.1276 

21.09 

12 

0.2644 

0.2085 

21.12 

Several  of  the  residues  were  analyzed  : 

Numbei 

of  experi 

ment. 

i-  Constituent 
determined. 

Weight  of 

residue  taken 

for  analysis. 

Percentage 
of  constituent 
Weight  of         Percentage  of     calculated 
constituent          constituent      for  CUSO4  + 
found.                  found.                2NH3. 

Gram. 

Gram. 

9 

Cu 

0.0870 

0.0281 

32.29                32.82 

10 

0.1373 

0.0447 

32.58 

II 

0.1275 

0.0418 

32.76 

12 

NH3 

0.2084 

0.0365 

17.49               17.61 

These  results  are  not  in  agreement  with  the  formula  we 
have  tentatively  assumed.  If  the  product  could  be  correctly 
represented  by  the  formula  CuSO,-f  ifNHg  +  ^H^O,  its 
formation  should  be  preceded  by  a  loss  in  weight  of  21.12  per 
cent,  whereas  the  average  of  these  last  six  experiments  is 
21.10  per  cent.  But  this  formula  requires  15.39  per  cent  am- 
monia. 

It  is  not  possible  to  find  any  one  formula  to  fit  all  the  data 
at  hand.  Whatever  may  be  the  case  in  other  instances,  our 
experiments  leave  no  doubt  that  at  100°  C.  CuSO^  +  4NH3  -+- 
H,0  yields  a  mixed  residue. 

We  believe  that  the  action  of  water  is  responsible  for  the 
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production  of  these  mixtures.  We  tested  this  by  heating  the 
salt  CuSO, -f- 4NH3  4- H,0  at  100°  C.  in  a  bath  where  the 
vapor  of  water  had  access  by  free  diffusion  to  the  heated  ma- 
terial. The  material  in  the  bath  was  stirred  frequently,  and 
specimens  for  analysis  were  taken  from  it  at  intervals  of  about 
twelve  hours.     The  following  were  the  results  : 


Number  of 
analysis. 

I. 

Weight  of 

residue  taken 

for  analysis. 

Gram. 

0.4795 

Weight  of  am- 
monia found. 
Gram. 

0.0767 

Percentage  of 
ammonia  found. 

i5.99(T) 

II. 

0.3571 
0.4461 

0.0514 
0.0642 

14.37m 
i4-39(T) 

III. 

0.3698 
0.7507 

0.0538 
0,1100 

i4.54('r) 
i4.65(T) 

IV. 

0.2948 
0.4869 

0.0413 
0.0682 

i4.oi(T) 
i4.oi(T) 

It  is  interesting  to  note  that  the  specimens,  the  analyses  of 
which  have  just  been  given,  were  all  "  apple-green"  in  color. 

The  behavior  of  the  salt  CuSO,  +  4NH3  +  H,0  when 
heated  in  dry  air  at  100°,  125°,  and  149°  C.  seems  to  be  char- 
acteristic of  salts  whose  molecules  contain  copper  sulphate 
combined  with  water.  We  have  found  it  impossible  to  pre- 
pare pure  CuSO^  +  H^O  and  CuSO^  from  the  pentahydrate 
by  heating  it  in  dry  air. 

In  dehydrating  the  pentahydrate  at  100°  C.  we  used  an  air- 
bath  consisting  of  a  large  glass  tube  encased  in  a  tin  con- 
denser-jacket, through  which  steam  was  passed.  The  follow- 
ing is  the  record  of  an  experiment  in  which  some  of  the  pure 
pentahydrated  copper  sulphate,  the  analysis  of  which  has  been 
given  on  page  264,  was  heated  in  this  air-bath  in  a  current  of 
dry  air  : 

Gram. 

Weight  of  pentahydrate  taken  0.7629 

"       after  five  hours  heating  0.5441 

"  "     four  hours  more  0.5440 

"     six       "         "  0.5441 

"  "     three   "  "  0.5442 

"  "     one  hour  at  105°  C.  0.5441 

"  "     three  hours  at  105°-!  10"  C.    0.5441 
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The  percentage  loss  in  weight  was  28.69  per  cent,  whereas 
the  calculated  percentage  loss  in  weight  when  CuSO^  +  sHjO 
decomposes  into  CuSO^-|-  H^O  is  28.85  per  cent.  The  ma- 
terial in  the  boat,  after  heating,  was  brownish  all  over  the 
surface  and  pale-blue  beneath  the  surface.  We  then  heated 
another  specimen  of  the  pentahydrate  in  a  Victor  Meyer  bath, 
using  alcohol  in  the  bath.  When  the  residue  had  become 
constant  in  weight  at  78°  C.  it  was  found  to  have  been  formed 
from  the  pentahydrate  by  a  percentage  loss  in  weight  of  28.55 
per  cent ;  calculated,  28.85  per  cent.  This  residue  was  tinged 
with  brown,  and  when  heated  in  dry  air  at  100"  C.  it  became 
decidedly  brownish. 

Several  attempts  to  prepare  anhydrous  copper  sulphate  from 
the  pentahydrate  by  heating  it  in  dry  air  at  the  lowest  tem- 
perature given  by  Graham^  (220°  C.)  resulted  similarly  in 
browned  products  and  varying  losses  in  weight,  as  is  shown 
by  experiments  I.  to  III.  in  the  following  : 


Weight  of 

WeiRht  of 

Percentage  loss  Percentage  Ic 

Number  of 

pentahydrate 

residue  after 

in  weight              in  weight 

experiment. 

heated. 

heating. 

found.                calculated. 

Grams. 

Gram. 

I. 

0.4416 

0.2839 

35-7i(T)      36.69 

II. 

0.6185 

0.3961 

35.95(T) 

III. 

0.3974 

0.2533 

36.26(T) 

IV. 

1. 1253 

0.7199 

36.03 

V. 

I. 1067 

0.7084 

35-99 

Experiments  IV.  and  V.  were  carried  out  by  heating  to 
constant  weight  at  280°  C. 

In  view  of  these  experiments,  we  are  of  the  opinion  that  a 
molecule  containing  copper  sulphate  combined  with  water 
cannot  undergo  change  without  secondary  reactions  taking 
place  between  the  water  and  the  copper  sulphate,  giving 
mixed  products.  By  this  view  the  behavior  of  the  salt 
CuSO^+  4NH3-f-  H,0  when  heated  in  dry  air  at  100°,  125°, 
and  149°  C.  is  readily  explained,  as  well  as  our  experiences 
in  dehydrating  pentahydrated  copper  sulphate.  That  mixed 
products  are  always  formed  in  this  dehydration  we  find  also 
very  clearly  shown  by   the  experiments  of  Naumann,''   the 

1  Ann.  Chem.  (Liebig),  ao,  147. 

2  Ber.  d.  chem.  Ges.,  7,  2,  1573. 
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view  as  readily  accounts  for  the  failure  of  Mallaert's  method 
for  the  preparation  of  the  salt  CuSO^  +  4NH3+  HjO,  and  for 
the  fact  that  basic  salts  are  formed  when  ammonia  acts  on  the 
salt  CuSO,  +  4NH3+  H,0. 

(Z>)  Behavior  of  the  Salt  CuSO,  +  ^.NH^  +  Hp  at  203°  C— 
We  heated  at  2Co°  to  203°  C.  residues  previously  obtained  at 
125°  and  149°  C.  VVe  used  the  same  bath  as  was  used  in  the 
experiments  at  125°  and  149°  C,  but  provided  it  with  a 
Reichert  gas-regulator  so  arranged  that  the  mercury  in  it 
closed  an  electric  circuit  and  rang  a  bell  as  soon  as  the  tem- 
perature reached  202°  C.  In  the  two  following  experiments 
the  residues  were  heated  about  eight  hours  before  their 
weights  became  constant  : 

Percentage  loss 

Original  weight  Weight  of  calculated  if 

of  salt  of  residue  Percentage  loss  CUSO4  +  NH3 

heated.  after  heating.  in  weight.  is  formed. 

Gram.  Gram. 

1.0788  0.7739  28.26  28.15 

0.5498  0.3944  28.25 

The  following  weighings  of  the  second  product  prove  that 
its  weight  was  constant  for  the  given  conditions : 

Gram. 

Weight  of  salt  before  heating  0.5498 

"        aftertwenty  hours  at  2oo''-203°  C.  0.3945 
"  "    thirt3'-nine  hours  at  the  same 

temperature  0.3944 

As  would  be  expected,  the  results  show  that  the  product  is 
not  a  definite  chemical  compound. 

In  the  above  experiments  the  appearance  of  the  products 
was  perfectly  uniform,  and  their  color  light-blue,  but  in 
other  experiments  at  the  same  temperature,  in  which  the 
heating  was  not  even  throughout  the  length  of  the  boat,  mix- 
tures of  substances  with  colors  from  sky-blue  to  pale-green 
and  having  perfectly  constant  weight,  were  obtained.  The 
following  description  of  one  such  experiment  illustrates  the 
course  followed  in  raising  the  temperatures  and  also  the  con- 
stancy in  weight  of  the  mixed  residues  in  these  experiments  : 
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Heated  two  hours  at  125°  C. 
"       five  hours  below  130''  C. 
"       four  hours  at  155°  to  170°  C. 
"       three  hours  at  170°  to  ^90"^  C. 
"       two  hours  at  200°  to  203°  C. 

Gram. 

Weight  of  residue  was  then  0.3032 

Heated  four  hours  at  200°  to  203°  C. 

Weight  of  residue  0.3030 

Heated  three  hours  at  200°  to  203°  C. 

Weight  of  residue  0.3030 

Original    weight   of    CuSO,  +  4NH3-I- 

HjO  was  0.4196 

Percentage  loss  in  weight,  27.79 

In  four  such  experiments  entirely  similar  mixed  products 
were  obtained,  the  Josses  in  weight  ranging  from  27.09  to 
27.79  per  cent. 

{E)  Behavior  of  the  Salt  CziSO^  +  4NH.,  -\- Hfi  at  260°  C— 
Kane  has  stated  that  anhydrous  copper  sulphate  is  formed 
when  this  salt  is  heated  at  260"  C.  We  tried  several  such  ex- 
periments, all  of  which  yielded  brown  products.  The  follow- 
ing analyses  of  three  of  these  products  for  copper  show  that 
they  were  not  anhydrous  copper  sulphate  : 


;rcentage  of  copper 
found  in  residue. 

Percentage  of  copper 
calculated  for  CUSO4. 

39-51 

39.83 

40.13 

39-51 

V.  Properties  of  Aqueous  Solutions  of  the  Salt 
CuSO^  -Y  4NH,  +  H,0. 

I .  All  solutions  of  the  salt  have  quite  a  strong  odor  of  am- 
monia. The  tension  of  ammonia  over  a  solution  of  cop- 
per sulphate,  to  which  an  excess  of  ammonia  has  been 
added,  is  less  than  over  an  aqueous  solution  of  am- 
monia of  the  same  concentration.  If  the  tension  in  a  given 
case  be  corrected  by  subtracting  from  the  total  tension  that 
due  to  4  gram-molecules  of  ammonia  for  every  gram-atom 
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of  copper  present,  the  corrected  tension  is  less  than  that 
actually  observed.  Locke  and  Forssell  have  recently^  inter- 
preted this  excess  of  tension  as  due  to  the  lesser  solubility  of 
ammonia  in  cuprammonium  sulphate  solutions  than  in  water. 
They  assume  that  the  complex  cuprammonium  salt  and  the 
complex  cuprammonium  ion  do  not  affect  the  tension  at  all  by 
their  dissociation. 

It  is  true  that  if  the  salt  underwent  any  considerable  molecu- 
lar dissociation  with  loss  of  ammonia,  we  could  not  have  kept  it 
in  a  bell-jar  over  lime  for  more  than  a  year  without  decomposi- 
tion (see  page  267),  and  it  would  lose  weight  in  a  vacuum 
over  sulphuric  acid  much  faster  than  we  found  that  it  did 
(see  page  268).  On  the  other  hand,  the  facts  that  the  salt 
smells  strongly  of  ammonia  at  once  when  moistened,  that  the 
decomposition  by  water  is  so  rapid  that  the  salt  cannot  be 
dried  between  filter-papers,  and  that  all  of  its  solutions  smell 
strongly  of  ammonia,  are  not  in  accord  with  their  assumption. 
There  is  sufficient  reason  in  these  facts  to  believe  that  the  ex- 
cess tension  of  ammonia  is  due  at  least  in  part  to  the  hy- 
drolytic  dissociation  with  loss  of  ammonia  of  the  complex 
salt  or  its  electrolytic  dissociation-products. 

2.  The  salt  gives  a  clear  solution  when  water  is  poured 
gradually  upon  it,  but  if  the  addition  of  water  is  continued  a 
permanent  precipitate  is  formed  at  about  N/20  to  N/25^  con- 
centration. When  a  solution  of  the  salt  is  dropped  into  water 
a  permanent  precipitate  is  formed  at  once. 

3.  A  N/io  solution  of  the  salt  after  standing  a  couple  of 
days  in  a  tightly  closed  vessel  begins  to  deposit  a  crystalline 
blue  solid  ;  this  continues  for  weeks. 

4.  If  a  current  of  air  (free  from  carbon  dioxide)  is  passed 
through  a  N/io  solution  of  the  salt,  ammonia  is  removed  by 
the  air,  and  after  about  twenty-four  hours  a  finely  crystalline 
blue  deposit  begins  to  form  on  the  walls  of  the  vessel.  This 
precipitate  increases  in  bulk  throughout  a  long  period  of 
time. 

5.  When  a  solution  of  the  pure  salt,  or  of  the  pure  salt  with 

1  This  Journal,  31,  268  (1904). 

2  These  concentrations  are  fractions  of  "  molecular  normal." 
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an  excess  of  ammonia,  is  titrated  into  acids  the  precipitate  at 
first  formed  redissolves  until  a  definite  limit  is  reached,  when 
the  precipitate  becomes  permanent.  This  point  at  which  the 
precipitate  becomes  permanent  is  very  sharp,  and  in  a  solu- 
tion of  the  pure  salt  lies  very  close  to  the  point  of  neutrality  of 
the  liquid.  This  point  is  also  independent  of  the  anion  of 
the  acid  used,  at  least  in  the  case  of  strong  acids.  The  fol- 
lowing figures  present  a  comparison  of  the  weights  of  differ- 
ent acids  used  up  by  i  cc.  of  a  given  salt  solution  with  the 
W'Cights  of  the  same  acids  calculated  as  just  equivalent  to  the 
ammonia  of  the  salt  in  i  cc.  of  the  given  solution.  They 
also  show  that  the  nature  of  the  anion  of  the  acid  is  without 
effect. 

Calculated.  Found. 

Gram.  Gram. 

HCl  0.0147  0.0146 

HjSO^  0.0198  0,0192 

HNOj  0.0255  0.0252 

6.  Pure  copper  sulphate  is  very  approximately  neutral  to 
methyl  orange  indicator.  This  indicator  can  be  used  to  de- 
termine the  alkalinity  of  the  liquids  in  which  the  permanent 
precipitate  described  in  (5)  is  formed.  The  following  results 
show  the  definiteness  of  the  methyl  orange  end-reaction 
under  these  conditions,  as  well  as  that  of  the  reaction  indica- 
ted b)'  the  permanent  precipitate.  They  also  show  that  the 
precipitate  forms  in  a  feebly  alkaline  solution  : 


Volume  of  acid  required 
by  I  cc.  cuprammonium 
solution  to  give  perma- 
nent precipitate. 

Volume 

by  same 

to  m 

of  acid  required 
to  give  neutrality 
ethyl  orange. 

cc. 

cc. 

1-93 

1.98 

1.94 

1.98 

1.94 

1.98 

2.32 

2.38 

2.32 

2.38 

2.33 

2.38 

3-03 

3.12 

3-04 

3-II 

3-04 

3.^1 
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7.  The  reaction  indicated  by  the  permanent  precipitate  is 
affected  by  the  presence  of  ammonia,  as  is  also  the  neutraliza- 
tion indicated  by  methyl  orange.  In  neither  case  is  the  ef- 
fect proportional  to  the  ammonia  added.  The  following  re- 
sults set  forth  these  points  : 

"S  "^-s  ^  ".3  Si, 

P.  ooi  >:  +w  s  a  ^'^tJS 


3  -i/  « 


I.  N/9.87  1:4  1:3.88  1:3-97 

II.  N/9.95  1:4-82  1:4-65  1:4-77 

III.  N/9.55  1:6.06  1:5-84  1:5-99 

8.  In  a  given  solution  both  of  these  reactions  change  with 
time.  The  total  alkalinity  diminishes  and  the  alkalinity,  at 
the  moment  when  the  permanent  precipitate  is  formed,  in- 
creases. The  presence  of  an  excess  of  ammonia  does  not  pre- 
vent this  displacement  of  the  two  end-reactions  with  time. 
Thus  after  solution  I.,  above,  had  deposited  some  of  the  blue 
solid  mentioned  in  (3)  the  alkalinity  at  the  moment  of  per- 
manent precipitation  had  increased  from  0.09  to  0.12  gram- 
equiv^alents  of  OH  to  each  gram-equivalent  of  copper  present. 
The  following  results  show  the  changes  with  time  in  solution 
III.,  above.  The  time  was  forty-eight  hours.  They  also 
show  that  the  excess  of  ammonia  present  did  not  stop  these 
changes : 


9 

1 

0 

a  0 

W 

•  ■  0 

aS 

Cu :  H      at 
permanent 
ation. 

+ 

Cu  :  H      at 
neutrality 
yl  orange. 

u 

^^  ^ 

^2 

.._,.t5 

^J3 

Sri 
1-2 

U        V 

ajao. 

2l8 

.2S 

0  -*-» 

•2^  a 

«a2 

III. 

N/9.55 

I  :  6.06 

I  :  5.84 

I  :  5-99 

III. 

N/9.55 

I  :  6,06 

I  :5.8o 

I  :  5.96 

These  experiments  were  conducted  with  the  greatest  care. 
The  flasks  were  carefully  calibrated  by  weighing  the  water 
they  contained   at   definite   temperatures,   and  the  burettes 
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were  calibrated  by  a  method  devised  recently  by  one  of  us/ 
The  solutions  were  made  by  weighing  the  flasks  first  dry  and 
empty,  and  again  after  the  salt  had  been  introduced  and  the 
flasks  stoppered.  Significant  differences  in  temperature  were 
corrected  for. 

The  properties  of  solutions  of  the  salt  CuSO^  +  4NH3  -j- 
H.^0  indicate  that  the  salt  is  decomposed  by  water  with  the 
partial  separation  of  ammonia  from  the  combination  in  which 
it  is  held  by  the  salt  in  the  dry  condition  (see  1,2,  and  3 
above).  This  decomposition  is  probably  an  hydrolysis  (see 
6).  In  solutions  of  the  pure  saltit  proceeds  at  least  as  far  as 
the  formation  and  precipitation  of  basic  salts  (see  2,  3,  and  5). 
In  solutions  of  the  salts,  even  though  they  may  contain  an 
excess  of  ammonia,  the  concentration  of  hydroxyl  ions  under- 
goes changes  throughout  a  considerable  period  of  time  (see 
8).  These  changes  are  hastened  or  retarded  by  the  removal 
or  addition  of  ammonia  (see  4  and  7),  but  the  effects  of  the 
ammonia  do  not  bear  any  simple  relation  to  the  concentration 
of  the  ammonia    (see  8). 

The  formula  CuSO^  +  4NH3  -|-  HjO  does  not  correctly  rep- 
resent the  salt.  If  this  formula  were  correct,  the  addition  of 
I  molecule  of  the  salt  to  4  equivalents  of  acid  would  produce 
a  clear  solution  containing  copper  sulphate  and  ammonium 
salts  and  the  products  of  their  electrolytic  dissociation,  and 
would  not  produce  a  permanent  precipitate  (see  5). 

VI.  Summary. 

1 .  We  have  shown  the  method  of  Fresenius  and  the  ' '  sug- 
gestion" of  Kiister  and  Thiel  to  be  unreliable  in  the  quanti- 
tative separation  of  sulphuric  acid  from  copper.  We  have 
described  a  satisfactory  method  for  the  separation  and  for  the 
determination  of  ammonia  and  water  in  a  mixture  of  the 
vapors  of  the  two.  The  conditions  under  which  reliable  re- 
sults can  be  obtained  in  the  complete  analysis  of  cuprammo- 
nium  sulphates  have  been  worked  out  and  have  been  stated. 

2.  The  preparation  of  the  salt  CuSO^  +  4NH3  +  H^O  has 
been  described,  and  a  method  of  drying  it  and  keeping  it  in- 

1  This  Journal,  30,  96  (1903). 
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definitely  in  an  anal3'tically  pure  condition  has  been  given. 
Its  composition  has  been  proved  by  complete  analyses.  Other 
products  described  as  this  cuprammonium  sulphate  by  Mal- 
laert  and  Bouzat  have  been  shown  to  be  mixtures.  The 
method  of  drying  hydrated  cuprammonium  salts  over  sticks 
of  potassium  hydroxide  and  a  very  little  ammonia  water, 
used  recently  by  Kohlschiitter,  has  been  shown  to  alter  the 
composition  of  the  salts. 

3.  The  properties  of  the  pure  dry  salt  CuSO^ -f- 4NH3 -f" 
HjO  have  been  studied,  and  it  has  been  shown  that  its  molec- 
ular dissociation  with  loss  of  ammonia  must  be  very  slight. 
Its  solubility  at  21°  to  22°  C.  has  been  determined.  The  ac- 
tion of  dry  ammonia  upon  the  salt  has  been  studied,  and  it 
has  been  shown  that  under  the  given  conditions  the  replace- 
ment of  the  molecule  of  water  in  the  salt  by  a  molecule  of  am- 
monia described  by  I^atschinoff  does  not  take  place  without 
other  reactions  setting  in,  producing  mixed  products. 

4.  We  have  studied  the  behavior  of  the  salt  CuSO^  + 
4NH3  +  HjO  when  heated  at  100°,  125°,  149°,  203°,  260°  C, 
and  have  shown  that  the  products  in  all  cases  were  mixtures. 
The  definite  chemical  compounds 

CuSO,4-2NH3  and  CuSO, -[- NH3 

described  by  Kane  do  not  exist  as  such  ;  if  they  are  formed  at 
all  they  are  mixed  with  other  products.  We  have  studied 
the  behavior  of  pentahydrated  copper  sulphate  at  78°,  100°, 
220°,  and  260°  C.  and  have  shown  that  the  dehjdration-prod- 
ucts  were  mixtures.  We  have  shown  that  the  action  of  am- 
monia on  pentahydrated  copper  sulphate  produces  a  mixture 
and  that  this  is  also  true  when  ammonia  acts  on  the  salt 
CuSO^  +  4NH3  +  H3O,  even  though  both  reactions  take  place 
at  ordinary  temperatures.  We  are  of  the  opinion  that  a  solid 
compound  containing  both  copper  sulphate  and  water  cannot 
undergo  change  without  other  reactions  between  these  two 
constituents  taking  place,  giving  rise  to  mixed  products. 
For  this  reason,  results  of  experiments  on  record  in  which 
solid  hydrated  compounds  of  copper  sulphate  have  been 
heated,    or  treated   with   a  gas,  or  changed  in   other    ways 
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(while  still  solid)  are,   ipso  facto,  open  to  doubt.     The  most 
recent  work  to  which  this  applies  is  that  of  Latschinoff. 
5.   Properties  of  aqueous  solutions  of  the  salt 
CuSO,  4-  4NH3  +  H,0 
have  been  described  that  show  that  the  system 

{CuSO,  +  4NH3  4-  H,0}  +  ^H,0 

as  found  in  a  solution  of  the  salt  is  in  an  unstable  condition, 
beginning  with  its  existence  to  undergo  a  change  that  con- 
tinues for  a  long  time  and  that  it  is  in  some  cases  not  complete 
while  the  system  remains  homogeneous.  The  change  which 
results  in  the  precipitation  of  •  basic  salts  is  hastened  by  the 
removal  of  ammonia  and  by  great  dilution.  We  have  found 
that  the  change  in  the  solutions  can  be  followed  readily  by 
taking  advantage  of  the  facts  that  cuprammonium  sulphate 
solutions  titrated  into  acids  give  a  definite  end-reaction  char- 
acterized by  the  formation  of  a  permanent  precipitate,  and 
that  copper  sulphate  solutions  are  practically  neutral  to 
methyl  orange  indicator.  The  results  obtained  in  this  way 
do  not  permit  of  a  satisfactory  interpretation. 

Because  of  the  changes  in  solutions  of  this  cuprammonium 
sulphate  that  continue  for  a  considerable  time,  deductions  of  a 
general  character  drawn  from  studies  of  cuprammonium  sul- 
phate solutions  (in  water)  must  be  considered  doubtful  ex- 
cept in  cases  where  it  has  been  shown  that  the  measurements 
were  made  after  equilibrium  had  been  established  in  the  solu- 
tions. The  most  recent  work  to  which  this  applies  is  that  of 
Dawson  and  McCrea  and  of  I^ocke  and  Forssell. 

Chemicai,  Laboratory, 

Bryn  Mawr  College, 

April,  1904. 


THE  DECOMPOSITION  OF  NITROSO  COMPOUNDS. 

By  William  A.  Noyes  and  Rene  de  M.  Taveau. 

Bredt  has  stated'  that  when  the  nitroso  derivative  of  the 

yCO 

anhydride  of  dihydroaminocampholytic  acid,  CgHi^<^    |         ,  is 

^NNO 

1  Ann.  Chem.  (Liebig),  314,  392J  yo  (^  t"^ 
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decomposed  by  treatment  with  sodium  hydroxide  a  lactone, 

.CO 
^s^uv    I     '  ^^  formed.     Blanchard  and   one  of  us,  on  repeat- 

\o 

ing  the  experiment,^  probably  with  somewhat  different  con- 
ditions, as  Bredt  gives  no  details,  obtained  as  the  chief  prod- 
ucts of  the  decomposition  active  «-campholytic  acid  and  di- 
hydrohydroxycampholytic  acid,  with  little  or  none  of  the  lac- 
tone. More  recently  Bredt  has  prepared  the  nitroso  deriva- 
tive of  the  anhydride  of  aminolauronic  acid  and  states*  that 
on  decomposing  this  with  sodium  hydroxide  a  lactone  is  also 
formed.  He  has,  apparently,  overlooked  the  fact  that  the 
same  lactone  was  obtained  in  an  impure  condition  by  one  of 
us^  some  years  ago  and  called  isocampholactone.  In  the  de- 
composition of  the  lauronic  acid,  or  its  ester  with  nitrous  acid, 
four   products    are    found  :     Isolauronolic   acid,   CgHi3C02H ; 

/CO,H 
hydroxylauronic    acid,    CgHi^<^  ;      isocampholactone, 

C8Hj^<^   j      ;  and  a  hydrocarbon,  CgHj^. 

\o 

It  seems,  therefore,  that  dihydroaminocampholytic  acid 
and  aminolauronic  acid  each  give  two  hydroxy  acids  on 
treatment  with  nitrous  acid,  and  that  one  of 'each  of  these 
pairs  of  acids  forms  a  lactone  while  the  other  does  not.  It 
seems  of  interest  to  determine  whether  the  hydroxy  acid 
which  forms  the  lactone  and  the  other  one  derived  from  the 
same  amino  acid  which  forms  no  lactone  are  stereomeric  or 
place  isomers.  It  was  also  of  interest  to  determine  whether 
the  decomposition  of  the  nitroso  derivative  of  the  anhydride 
of  aminolauronic  acid  gives  only  the  lactone,  as  seems  to  be 
implied  in  Bredt's  statement,  or  if  it  gives  also  the  other  com- 
pounds referred  to  above.  While  our  work  has  only  been 
carried  far  enough  to  answer  the  latter  question,  we  have  in- 
cidentally discovered  a  new  class  of  compounds  formed  when 
the  decomposition  takes  place  in  the  presence  of  an  alcoholic 

1  This  Journal,  26,  284. 

2  Ber.  d.  chem.  Ges.,  35,  lagi. 

3  This  Journal,  17,  432. 


Determination  of  Nitroso  Compounds.  287 

solution  of  sodium  hydroxide.  The  study  of  these  compounds 
is  far  from  complete,  but  as  we  can  no  longer  continue  the 
work  together  it  seems  desirable  to  publish  the  results  already 
obtained. 

Preparation  of  Camphoramidic  Acids. — Considerable  ex- 
perience in  the  preparation  of  the  camphoramidic  acids  has 
been  gained  since  the  details  of  preparation  were  last 
given^  and  as  they  furnish  the  starting-point  for  the  prepara- 
tion of  a  large  number  of  important  derivatives  of  camphoric 
acid  it  appears  worth  while  to  give  the  methods  now  used. 
One  hundred  grams  of  finely  powdered  camphoric  anhydride 
are  placed  in  a  500  cc.  bottle,  150  cc.  of  strong  ammonia 
(0.90)  added,  the  stopper  of  the  bottle  firmly  tied  down,  and  the 
mixture  shaken  vigorously  till  the  anhydride  has  passed  into 
solution.  The  solution  is  then  cooled  rapidly,  but  thoroughly, 
and  the  ammonium  salt  of  the  ar-camphoramidic  acid,  which 
separates,  filtered  off  on  a  plate  and  washed  twice  with  a  small 
amount  of  a  10  per  cent  solution  of  ammonium  chloride.  To 
the  filtrate  from  the  ammonium  salt  is  added  a  50  per  cent 
solution  of  sodium  hydroxide,  which  causes  the  separation  of 
a  considerable  amount  of  the  sodium  salt  of  the  )8-camphor- 
amidic  acid.  This  is  filtered  off  on  a  hardened  filter  and 
washed  twice  with  a  small  amount  of  a  10  per  cent  solution  of 
sodium  hydroxide.  The  free  amidic  acids  are  obtained  by 
dissolving  the  respective  salts  in  warm  water,  cooling,  and 
precipitating  with  hydrochloric  acid.  The  acid  should  be 
added  very  carefully,  with  vigorous  stirring,  till  the  amidic 
acid  begins  to  separate  in  crystalline  form.  If  the  mineral 
acid  is  added  too  rapidly,  the  acid  will  separate  as  a  gummy 
mass,  which  is  less  pure.  The  yield  is  45  to  55  per  cent  of 
the  ar-acid  and  20  to  25  per  cent  of  the  /5-acid. 

The  hydrochloride  of  aminolauronic  acid  was  prepared  from 
the  «- camphoramidic  acid^  and  the  anhydride  was  prepared 
by  distilling  the  hydrochloride  with  lime/  The  anhydride 
may  also  be  prepared  by  heating  the  free   amino   acid  to  300° 

1  This  Journal,  i6,  502. 

2  Ibid.,  16,  506. 
^  Ibid.,  16,  507. 
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in  an  oil-bath.  It  boils  at  285°.  The  isomer  derived  from 
dihydroaminocampholytic  acid  boils  at  285°  to  287°/  The 
rotation  of  a  7  per  cent  solution  in  absolute  alcohol  is  [ajo^^ 
—60°.  I  at  26°. 

The  nitroso  compound  was  prepared  by  dissolving  the  an- 
hydride in  dilute  hydrochloric  acid  and  adding  a  little  more 
than  the  calculated  amount  of  sodium  nitrite.^  The  nitroso 
compound  was  crystallized  from  alcohol  or  ligroin.  It  melts 
at  138°  to  139°.     The  racemic  form  also  melts  at  138°/ 

When  the  nitroso  compound  is  moistened  with  strong  alco- 
hol and  a  10  per  cent  solution  of  sodium  hydroxide  is  added, 
while  the  whole  is  cooled  with  ice-water,  it  decomposes  with 
the  formation  of  the  various  products  in  apprcr-cimately  the 
following  proportion  : 

Grams. 

Nitroso  compound  taken  19.5 

Hydrocarbon,  CgHj^  2.5 

Condensation- product,  I  CgH^X    I  ]%     5-0 

^  \NC,H,0^ 

Isolauronolic  acid,  CgHj^COjH  1.2 

.CO,H 
Hydroxy  acid,  C8H^^<^  1.5 

^OH 

yCO 

Isocampholactone,  CgHuv    I  -^-S 

These  products  were  separated  essentially  as  follows  :  Af- 
ter the  decomposition  of  the  nitroso  compound  was  complete 
the  mixture  was  heated  in  a  current  of  steam,  which  carried 
over  the  hydrocarbon.  This  was  easily  separated  from  the 
aqueous  distillate.  The  oily  residue  in  the  distilling-bulb 
sometimes  solidified  and  consisted  mainly  of  the  condensation- 
product.  By  acidifying  the  alkaline  solution  separated  from 
the  condensation-product,  the  isolauronolic  acid,  lactone,  and 
hydroxy  acid  were  liberated  and  were  then  extracted  from  the 
solution  with  ether.     After  distilling  the  ether,  the  lactone 

1  This  Journal,  i6,  504. 

2  Bredt  :  Ber.  d.  chem.  Ges.,  35,  1291. 

2  Noyes  and  Warren  :  This  Journal,  28,  486. 
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and  isolauronolic  acid  were  driven  over  with  steam,  leaving 
the  hydroxy  acid  behind.  The  lactone  and  isolauronolic  acid 
were  extracted  from  the  distillate  with  ether,  and  after  dis- 
tilling the  ether,  were  separated  by  a  solution  of  potassium  car- 
bonate, which  dissolves  the  acid  and  not  the  lactone. 

There  was  evidently  considerable  loss  in  the  separation  of 
the  products  and  the  results  cannot  be  considered  accurate, 
but  it  is  evident  that  the  hydroxy  acid  may  be  considered  the 
direct  product  of  the  decomposition  with  as  much  reason  as 
the  lactone. 

The  hydroxy  acid  may  be  distilled  under  diminished  pres- 
sure without  decomposition,  boiling  at  180°  to  185°  under  a 
pressure  of  25  mm.  It  is  evident  that  this  is  the  same  hy- 
droxy acid  as  that  whose  ester  is  formed  by  the  action  of 
nitrous  acid  on  the  ethyl  ester  of  aminolauronic  acid.  Hy- 
droxydihydrocampholytic  acid,  the  isomer  which  corresponds 
to  this  but  which  has  the  positions  of  the  hydroxyl  and  car- 
boxy  1  reversed,  also  forms  no  lactone. 

Configuration  of  the  Lactone. — It  is  generally  assumed  that 
in  ordinary  camphoric  acid,  which  forms  an  anhydride,  the 
carboxyl  groups  are  both  on  the  same  side  of  the  plane  of  the 
ring,  while  the  isocamphoric  acid  is  assumed  to  be  the  trans 
form.  The  fact  that  ordinary  camphoric  acid,  dihydroamino- 
campholytic  acid,  dihydrohydroxycampholytic  acid,  and 
a-bromdihydrocampholytic  acid  are  all  dextrorotatory  and 
that  their  rotatory  power,  except  that  of  the  last,  is  of  much 
the  same  order  of  magnitude,  is  considerable  evidence  that  all 
possess  a  similar  configuration.  If  this  is  true  and  all  are  cis 
compounds,  it  seems  probable  that  isocampholactone  and  the 
lactone  derived  from  dihydroaminocampholytic  acid  are  trans 
compounds.  It  would  follow  from  this  that  cyclic  hydroxy 
acids  having  carboxyl  and  hydroxyl  in  the  1,3-position  form 
lactones  only  when  the  groups  are  trans  with  regard  to  each 
other.  The  close  agreement  in  the  specific  rotation  of  the 
anhydride  of  aminolauronic  acid  and  of  isocampholactone  in- 
dicates that  these  have  a  similar  configuration,  however,  and 
the  evidence  is,  at  present,  conflicting.  The  matter  is  of  con- 
siderable interest,  and  it  is  our  intention  to  give  it  further 
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study.  Perkin  and  Thorpe^  have  recentl)'  described  a  cyclic 
X-hydroxy  acid  which  forms  no  lactone,  and  they  refer  to 
other  similar  cases. 

Isocampholadoyie . — As  already  stated,  this  was  discovered 
by  one  of  us  some  years  ago,  but  it  was  obtained  only  in  small 
amount  and  in  an  impure  condition,  so  that  the  compound  was 
not  analyzed  and  the  melting-point  was  found  nearly  10°  too 
low.  Bredt  gives  the  melting-point  as  32°,  and  we  have  found 
the  same.     He  gives  no  analyses.     We  found  : 

I.  0.1336  gram  substance  gave  0.3426  gram  CO^  and  0.1086 
gram  H^O. 

II.  0.12 18  gram  substance  gave  0.3105  gram  CO,  and 
0.0988  gram  HjO. 

Calculated  for  Found. 

,CO 


CgHuC    I      .  L  II. 


■0 

C  70.11  69.93  69.53 


H  9. II  9.18  9.08 

The  substance  is  laevorotatory.     For  a  5   per  cent  solution 
in  alcohol  [crj^^ — 60°. 7. 

/CO^Ag 
The  silver  salt,  CgH,^<'  ,  of  the  hydroxy  acid  corre- 

\0H 
sponding  to  the  lactone  was  prepared  by  heating  the  latter 
with  a  little  more  than  the  calculated  amount  of  alcoholic  pot- 
ash for  an  hour  and  a  half,  distilling  off  the  alcohol,  exactly 
neutralizing  with  nitric  acid  and  precipitating  with  silver  ni- 
trate. The  salt  gave  38.82  per  cent  of  silver.  Calculated, 
38.68  per  cent. 

/  /^^  \ 

The    conde7isation-product,     [Q,^^^    \  ]i^   ^'^   formed 

^  \NC,H,0^ 

when  the  nitroso  compound  is  moistened  with  alcohol  and  de- 
composed by  adding  an  aqueous  solution  of  sodium  hydroxide, 
or  better,  by  decomposing  the  nitroso  compound  by  an  alco- 
holic solution  of  sodium  hydroxide.  The  substance  was  crys- 
tallized from  alcohol  and  from  ligroin.  From  the  latter  sol- 
vent it  separates  in  large,  well-formed   plates  having  a  faint 

1  J.  Chem.  Soc.  (London),  85,  131. 
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yellow  color.  It  meits  at  104'.  It  is  almost  insoluble  in 
water.  It  dissolves  slightly  in  dilute  hydrochloric  acid  and 
may  be  reprecipitated  b}'  ammonia ,  the  reprecipitated  substance 
melting  still  at  104°.     The  analysis  gave  : 


Calculated  for 

Found. 

(C„Hi8NOo)2. 

I. 

II. 

c 

67.28 

66.91 

67.00 

H 

9-25 

8.93 

9-13 

N 

7.16 

7-50 

7-51 

An  amount  weighing 0.1774  gram  dissolved  in  15.67  grams 
of  benzene  gave  a  lowering  of  the  freezing-point  of  o°.i66, 
and  0.2445  gram  gave  a  lowering  of  o°.229.  0.1904  gram  dis- 
solved in  39.42  grams  of  benzene  gave  a  rise  in  the  boiling- 
point  of  o°.3go.  These  correspond  to  the  values  334,  348,  and 
343  for  the  molecular  weight.  Calculated  for  (CuHj^NOj),, 
392.4.  The  agreement  is  not  satisfactory,  but  the  results  in- 
dicate that  the  substance  contains  a  doubled  molecule  as  com- 
pared with  the  original  substance.  It  is  also  apparent  that 
the  ethyl  alcohol  used  has  taken  part  in  the  formation  of  the 
compound. 

This  last  fact  suggested  the  use  of  a  solution  of  sodium 
hydroxide  in  methyl  alcohol.  When  the  nitroso  compound  is 
decomposed  b}'  such  a  solution,  a  similar  condensation-prod- 
uct having  the  formula  (Cj(,Hj5N02)2  is  formed.  This  crys- 
tallizes from  ligroin  in  leaflets,  which  melt  at  99°.  It  is 
slightly  soluble  in  acids  and  is  precipitated  from  the  solution 
by  ammonia.     The  analysis  gave  : 


Calculated  for 

Found. 

(CioHi6N02)2. 

I. 

II. 

c 

65.86 

65.87 

65-57 

H 

8.86 

8.40 

8.49 

N 

7.70 

7.69 

.... 

A  solution  of  0.23 II  gram  in  20.68  grams  of  benzene  gave  a 
freezing-point  lowering  of  o".i6o,  and  0.3598  gram  gave  a 
lowering  of  o°.286.  These  correspond  to  341  and  327  for  the 
molecular  weight.     Calculated,  364.3. 

Experiments  were  also  tried  with  isoamyl  alcohol  and  with 
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allyl  alcohol.      Condensation-products  were  evidently  formed 
in  both  cases  but  these  could  not  be  made  to  crystallize. 

When  these  formulas  are  examined  it  is  seen  that  they  cor- 
respond to  the  nitroso  compound  less  the  nitroso  group  and 
with  the  addition  of  a  molecule  of  acetaldehyde  or  formalde- 
hyde, thus  : 

(    C,H,,<^|  )      and     (C,H,,<^|  V 

The  following  reaction  would  explain  these  formulas  : 

/CO 
2C3H  /  I  +  2C,H,0     = 

\nno 

(C,H,,<C|  \  +  N,  +  2H30. 

\        \nc,h,o/ 

So  far  as  we  are  aware,  no  similar  decomposition  of  a  nitroso 
compound  has  been  observed  by  others.  There  is  some 
analogy  with  the  formation  of  acetaldehyde  by  the  action  of 
diazo  compounds  on  ethyl  alcohol.  It  is  hoped  that  further 
study  may  lead  to  a  generalization  of  the  reactions  and  that  it 
may  also  throw  further  light  on  the  structure  of  these  com- 
pounds. 

After  filtering  off  the  condensation-product  resulting  from 
the  action  of  the  methyl  alcoholic  sodium  hydroxide  on  the 
nitroso  compound,  the  solution  was  acidified.  This  caused 
the  precipitation  of  a  white,  solid  acid  instead  of  the  usual 
oily  mixture.  This  was  washed  with  ether,  in  which  it  is 
nearly  insoluble,  and  crystallized  from  alcohol.  The  amount 
was  about  1 1  per  cent  of  the  weight  of  the  nitroso  compound. 
The  substance  melts  at  327°  to  328°  (corr.)  A  nitrogen  de- 
termination gave  8.32  per  cent.  Theory  requires  for  the  for- 
mula (C9Hi5N02)2,  8.29  per  cent.  0.1022  gram  required  6.19 
cc.  of  N/io  potassium  hydroxide  for  neutralization.  Theory 
requires  for  a  bibasic  acid,  having  the  formula  (C9Hj5N02)2, 
6.04  cc.     It  seems  possible  that  the  acid  is  an  azo  compound 
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.CO,H  HO,C. 
having    the     structure     CgH;^<^  iCgHi^.      It    is 

\      N  r=   N       / 

hoped  to  study  this  compound  further. 

Johns  Hopkins  University, 
May,  1904. 


REVIEWS. 


Die    Kathodenstrahi^en.      Von   G.   C.    Schmidt.      Braunschweig  : 
Druch  von  Friedrich  Vieweg  und  Sohn.     1904. 

The  cathode  rays,  which  were  first  described  by  Hittorf 
more  than  thirty-five  years  ago,  and  brought  into  prominence 
chiefl\'  by  the  brilliant  experiments  of  Crookes,  stubbornly  re- 
fused to  give  anj'  experimental  evidence  of  their  true  nature 
until  the  study  of  the  ionization  of  gases  by  X-rays  opened 
up  new  lines  of  attacking  the  problem.  Crookes  regarded 
the  rays  as  flight  of  molecules  driven  from  the  cathode  at  high 
velocity  and  having  mean  free  paths  measured  in  centimeters 
instead  of  thousandths  of  a  millimeter.  He  regarded  this 
condition  as  a  fourth  state  of  matter,  to  which  he  gave  the 
name  ultra-gaseous.  The  German  physicists  however,  al- 
most without  exception,  regarded  the  rays  as  a  phenomenon 
of  the  ether,  a  view  which  was  strengthened  by  the  failure  of 
Hertz  to  obtain  any  trace  of  a  deflection  in  an  electrostatic 
field,  which  was  to  be  expected  if  the  rays  consisted  of 
charged  molecules  or  atoms,  and  the  experiments  of  Lenard 
on  the  transmission  of  the  rays  through  aluminium  foil. 

Though  Crookes'  original  hypothesis  has  been  shown  to  be 
untenable,  a  modification  of  it,  suggested  by  Schuster,  is  at 
the  present  time  almost  universally  held,  the  velocities, 
masses,  and  charges  of  the  electrons  which  constitute  the  rays 
having  been  determined  with  considerable  accuracy. 

The  wide  applications  which  have  been  made  of  the  elec- 
tron theory  in  the  domains  of  physics,  chemistry,  meteorology, 
and  astronomy,  together  with  the  physiological  effects  of  the 
different  types  of  radiation,  make  the  cathode  rays,  and  the 
phenomena  which  accompany  them,  of  interest  to  workers  in 
almost  every  branch  of  science.  Professor  Schmidt  has  given 
us  a  very  concise  resum^  of  the  most  important  work  which 
has  been  done  in  clearing  up  the  mystery  which  has  so  long 
hung  around  the  cathode  rays,  which  will  prove  useful  to  all 
who  are  interested  in  the  development  of  the  modern  concep- 
tion of  the  "  Electron." 

The  treatment  is  whollv  non- mathematical  and  is  well  il- 
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lustrated  with  diagrams  and  cuts.  x'Vfter  discussing  the 
various  types  of  apparatus  used  in  the  production  and  study 
of  the  cathode  rays,  the  author  gives  a  short  review  of  the 
various  theories  which  different  experimenters  have  advanced, 
and  the  development  of  the  present  theory  by  Schuster,  whose 
theoretical  speculation  he  considers  as  far  eclipsing  those  of 
any  of  his  predecessors. 

The  behavior  of  the  rays  in  magnetic  and  electrostatic  fields 
is  very  fully  discussed,  together  with  the  methods  by  which 
the  masses  of  the  moving  electrons  and  their  velocities  are 
determined  from  observations  of  the  deflections  of  the  rays. 

In  the  chapter  on  the  various  methods  of  producing  cathode 
rays,  the  author  omits  mention  of  the  fact  that  Merritt  made 
an  independent  discovery  of  the  generation  of  the  rays  by  the 
illumination  of  metal  surfaces  by  ultra-violet  light,  though  his 
paper  did  not  appear  until  some  months  after  lycnard's.  This 
is  doubtless  an  oversight,  for  the  book  is  conspicuously  free 
from  the  tendency  shown  by  some  writers  to  minimize  the  value 
of,  or  ignore  completely,  work  done  in  other  countries.  This 
is  especially  noticeable  in  the  frequent  tribute  which  he  pays 
to  the  work  of  Crook es',  which  German  writers,  as  a  rule,  do 
not  seem  to  have  appreciated.  While  it  is  true  that  many  of 
the  observations  which  he  made  had  been  previously  recorded 
by  Hittorf,  he  was  the  first  to  draw  the  attention  of  the  world 
at  large  to  the  cathode  rays  and  popularize  them  by  a  series 
of  most  spectacular  experiments,  which  for  the  past  quarter 
of  a  century  have  been  yearly  repeated  in  practically  every 
physical  laboratory  in  the  world. 

It  is  to  be  regretted  perhaps  that  the  author  has  devoted  so 
little  space  to  the  emission  of  the  rays  by  radioactive  sub- 
stances, these  cases  being  the  ones  upon  which  interest  is 
chiefly  centered  at  the  present  time. 

The  book  closes  with  an  allusion  to  the  almost  prophetic 
remark  which  Crookes  made  in  one  of  his  earlier  papers,  to 
the  effect  that,  in  his  opinion,  the  greatest  scientific  problems 
of  the  future  would  find  their  solution  in  the  realm  of  ' '  Radiant 
matter."  The  establishment  of  the  fact  that  the  disintegra- 
tion of  the  radium  molecule  is  accompanied  by  the  emission 
of  types  of  radiation  similar  in  every  respect  to  those  occurring 
in  vacuum  tubes  seems  almost  like  a  verification  of  this  pre- 
diction. R.  w.  w. 

Immune  Sera  :  Hemolysins,  Cytotoxins,  and  Precipitins.  By 
A.  WaSSERMANN,  M.D.,  University  of  Berlin.  Authorized  translation 
by  Charles  Bolduan,  M.D.  New  York  :  John  Wiley  &  Sons  ; 
London  :  Chapman  &  Hall,  Limited,     pp.  77. 

Dr.  Bolduan  has  rendered  a  real  service  in  translating  this 
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little  volume  of  Wassermann,  for,  of  the  various  summaries 
of  the  recent  work  in  this  complicated  field,  this  is  perhaps 
the  most  satisfactory  and  readable.  The  title  in  German  is 
"  Hamolysine,  Cytotoxine  und  Pracipitine;"  the  addition 
"  Immune  Sera"  in  the  translation  is  in  a  way  misleading, 
for  the  scope  of  the  work  is  by  no  means  as  broad  as  implied, 
and  the  reader  who  hopes  to  find  in  this  little  volume  a  trea- 
tise on  immunity  with  a  discussion  of  the  various  anti-plague, 
anti-typhoid,  anti-diphtheria  sera,  etc.,  will  be  disappointed. 

More  than  two-thirds  of  the  book  is  taken  up  with  a  discus- 
sion of  the  hgemolysins — those  substances  occurring  normally 
in  the  serum,  and  in  virtue  of  which  it  is  capable  of  dissolv- 
ing the  blood  corpuscles  of  certain  other  animals.  The  in- 
terest attaching  to  these  bodies  comes  largely  from  the  fact 
that  an  immunity  reaction  can  be  obtained  with  them,  i.  e.,  if 
the  blood  corpuscles  of  one  animal  (A)  be  injected  into  an- 
other animal  (B)  the  serum  of  the  latter  acquires  the  power 
of  dissolving  the  corpuscles  of  A.  The  results  are  thus  simi- 
lar to  those  obtained  in  many  cases  with  bacteria,  and  as  the 
experiments  can  be  performed  in  test-tubes  and  permit  of 
great  accuracy,  they  offer  exceptional  opportunities  of  inves- 
tigating the  laws  governing  the  production  of  immune  sera  in 
general.  The  work  of  Ehrlich,  which  has  contributed  so 
largely  not  only  to  the  collection,  but  still  more  to  the  coor- 
dination of  facts,  is  fulh'  discussed  in  relation  to  his  "  side- 
chain"  theory  of  immunity. 

On  page  19  it  is  stated  that  Ehrlich  formulated  the  "  side- 
chain"  theory  in  order  to  explain  the  production  of  antitoxin 
and  other  specific  anti-bodies.  As  a  matter  of  fact  the  side- 
chain  theory  was  proposed  by  Ehrlich  nearly  twenty  years 
ago,  entirely  independently  of  any  theory  of  immunity ; 
through  it  Ehrlich  sought  to  explain  the  processes  of  oxida- 
tion in  the  body.  Thus  Ehrlich's  side-chain  theory  has  a 
wider  biological  significance  than  the  reader  would  be  led  to 
suppose  from  the  above  statement. 

Cytotoxins  (other  than  the  hsemolysins)  are  discussed  in 
the  second  section.  Specific  reaction  substances  can  be  ob- 
tained towards  leucocytes,  spermatozoa,  epithelial,  and  other 
cells  in  the  same  way  as  hgemolysins  are  obtained. 

In  the  third  section  the  author  discusses  the  subject  of 
"precipitins" — those  "anti-bodies"  obtained  by  the  injec- 
tion of  various  kinds  of  proteids  into  animals  of  another 
species  ;  the  serum  of  the  latter  acquires  the  property  of  form- 
ing a  precipitate  with  the  form  of  proteid  injected.  By  this 
method,  in  the  development  of  which  Wassermann  has  taken 
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such  an  important  part — it  is  possible  to  determine  the  species 
of  animal  from  which  a  given  specimen  of  proteid  {e.  g.,  that 
of  human  blood)  has  been  obtained,  results  which  seemed  un- 
obtainable by  any  ordinary  chemical  method.  It  is  perhaps 
unnecessary  to  remark  that  the  chemical  nature  of  these  "  im- 
mune bodies"  (hsemolysins,  cytotoxins,  and  precipitins)  is 
unknown  beyond  the  fact  that  they  seem  to  belong  to  the 
group  of  proteids. 

The  translation  has  been  well  done  ;  the  advisability  of 
translating  "  Zwischen-Korper"  by  "  inter-body"  may,  how- 
ever, be  questioned,  the  translation  "  intermediary  body" 
having  received  the  sanction  of  such  authorities  as  Meltzer, 
Welch,  and  Flexner. 

To  the  specialist  who  desires  the  very  latest  developments 
in  this  subject,  the  book  cannot  be  so  highly  recommended, 
for  the  German  edition  appeared  two  years  ago  and  con- 
tains none  of  the  work  published  since  1901.  Since  that  time 
many  important  papers  have  appeared,  but  the  fundamental 
work  ((?.  g.,  that  of  Bordet  and  Ehrlich)  is  discussed  fully 
and  clearly,  and  what  has  appeared  since  has  modified  this 
but  little.  R.  H. 

Laboratory  Exercises  in  Physical  Chemistry.  By  Frederick  H. 
Getman,  Ph.D.,  Fellow  by  Courtesy  in  the  Johns  Hopkins  Univer- 
8it}%  Carnegie  Research  Assistant.  New  York  :  John  Wiley  &  Sons  ; 
London  :    Chapman  &  Hall,  Limited.     1904.     pp.  241. 

This  little  laboratory  guide  in  phj^sical  chemistr)- will  prove 
to  be  useful  in  American  and  English  laboratories,  wherever 
physical  chemistr}^  is  taught.  While  several  excellent  man- 
uals have  been  published  in  German  there  is,  up  to  the  pres- 
ent, nothing  in  English  that  is  adapted  to  general  use. 

The  subject  is  treated  under  thirteen  heads  :  Weighing  ; 
Volume  and  Density  ;  Viscosity  and  Surface-tension  ;  Solu- 
bility ;  Thermometry  ;  Melting-  and  Boiling-points  ;  Calorim- 
etry  ;  The  Spectroscope ;  Electrical  Units ;  Resistance  ; 
Electromotive  Force  ;  Measurement  of  Current  ;  Measure- 
ment of  the  Dielectric  Constant  ;  Chemical  Kinetics ;  and 
Tables. 

Under  the  last-named  head  are  included  quantities  which 
are  in  constant  use  in  the  laboratory. 

The  book  is  well-illustrated  and  well-printed.  Omission  of 
letters  in  headings  as  on  pages  64,  loi,  and  215  can  be  easily 
corrected.  The  work  is  heartily  recommended  to  all  who  are 
interested  in  physical-chemical  measurements.  h.  c.  j. 
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ON  CERTAIN  DERIVATIVES  OF  THE  1,3,5-TRIIOD- 
2,4-DINITROBENZOE. 

By  C.  Loring  Jackson  and  J.  F|IvAngmaid. 

This  triioddinitrobenzol  was  described  by  Istrati  and 
Georgescu/  in  1892,  as  they  obtained  it  from  their  triiodben- 
zol,  melting  at  182°  to  184°,  made  by  heating  together  ben- 
zol, iodine,  and  sulphuric  acid.  They  did  not,  however,  de- 
termine its  structure,  which  was  done  in  1900  by  G.  E.  Behr 
and  one  of  us,'  who  proved  that  it  had  the  following  constitu- 
tion :  131,3,5. (NO,)22, 4,  In  1901  Willgerodt  and  Arnold,* 
who  apparently  had  overlooked  the  paper  by  Behr  and  one  of 
us,  in  an  extended  paper  on  iodine  compounds  of  benzol  con- 
firmed this  result,  proving  its  constitution  in  a  different  way. 

In  the  paper  just  cited  as  issued  from  this  laboratory  in 
1900,  it  was  announced  that  the  behavior  of  triioddinitro- 
benzol with  various  agents  would  be  studied,  and  the  present 
paper  contains  an  account  of  the  work  done  in  this  direction. 

1  Buletinul  Sec.  Sci.  Fiz.  Bucuresci,  ■>  62  (1892). 

"  This  Journal,  26,  55  (1901). 

3  Ber.  d.  chem.  Ges.,  34,  3343  (1901). 
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This  researcli  belongs  to  a  series  undertaken  for  the  purpose 
of  studying  the  anomalous  replacement  of  halogen  atoms  by 
hydrogen  in  aromatic  compounds,  and  has  added  three  more 
cases  of  the  sort  to  the  rather  meager  list  at  present  known. 
Thus,  triioddinitrobenzol  is  converted  by  hot  sodic  ethylate 
into  dinitroresorcine  diethyl  ether,  C5H,(OC2H5)2(N02)2.  by 
the  replacement  of  2  atoms  of  iodine  by  ethoxy  groups  and  i 
by  hydrogen,  in  this  respect  resembling  closely  the  corre- 
sponding reaction  with  tribromdinitrobenzol,^  from  which  the 
same  substance  is  obtained  as  one  of  the  principal  products. 
The  melting-point  of  the  dinitroresorcine  diethyl  ether  ob- 
tained from  tribromdinitrobenzol  was  133°,  that  of  our  product 
from  triioddinitrobenzol  only  130°,  and  all  our  attempts  failed 
to  raise  it  above  this  point,  but  analysis  proved  that  it  was 
C6Hj(OC2H3)2(N02)2.  Dunlap  and  one  of  us^  obtained  a  di- 
nitroresorcine diethyl  ether  melting  as  low  as  126°  by  the  action 
of  fuming  nitric  acid  on  dibromresorcine  diethyl  ether.  It  is 
possible  that  this  diethyl  ether  melting  at  126°  is  the  other 
isomer  (OC2H5)2i-3-(N02)2.4  (the  one  melting  at  133°  has  the 
constitution  (OC2H5)2i.3(N02)24.6),  but  we  think  it  more 
probable  that  some  clinging  impurity  caused  the  differences 
in  melting-points,  and  that  Dunlap's  and  our  substances  are 
identical  with  the  one  that  melts  at  133°.  The  point  can  be 
finally  settled  only  by  further  experiment. 

With  sodic  malonic  ester,  too,  a  monoioddinitrophenylma- 
lonic  ester,  C6H2l(N02)2CH(COOC2H5)2,  is  formed,  corre- 
sponding exactly  to  the  C6H2Br(N02)2CH(COOC2H5)2,  made 
in  the  same  way  from  tribromdinitrobenzol,'  but,  whereas 
the  bromdinitrophenylmalonic  ester  is  the  principal  product 
of  the  reaction,  the  iod  compound  is  formed  only  in  secondary 
amount,  the  principal  product  being  diioddinitrobenzol, 
formed  by  the  replacement  of  i  atom  of  iodine  by  hydrogen. 
It  can  be  inferred  from  this  that  iodine  is  more  easily  replaced 
by  hydrogen  than  bromine,  since  no  dibromdinitrobenzol  was 
observed  among  the  products  of  the  action  of  sodic  malonic 
ester  on  tribromdinitrobenzol.     This  is  not  unexpected,  as 

1  Jackson  and  Warren  ;  This  Journal,  13,  170  (1891). 
^Ibid.,  18,  122  (1890). 
^  Ibid.,  11,94  (1889). 
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we  have  not  found  any  case,  as  yet,  in  which  chlorine  has 
been  replaced  by  hydrogen  under  the  influence  of  an  alco- 
holate  or  sodic  malonic  ester,  and  it  was  to  be  expected  that 
the  tendenc}''  toward  such  replacement  should  vary  with  the 
atomic  weights. 

With  sodic  methylate  the  behavior  of  the  triioddinitroben- 
zol  was  peculiar,  as  the  principal  product  was  the  triiodnitro- 
anisol,  CgHIjNO^OCHj,  whereas  with  tribromdinitrobenzol 
the  reaction  runs  as  with  the  ethylate,  the  principal  products 
being  C,HBr(0CH3).(N0,),  and  C,H,(0CH3),(N0,),.  A 
small  amount  of  another  substance  was  obtained,  which,  to 
judge  from  a  single  analysis,  was  CgHI(OCH3)3N02,  and 
therefore  showed  a  similarity  to  the  first  of  the  brom  com- 
pounds given  above,  but  it  was  not  obtained  in  sufl&cient 
quantity  for  proper  characterization.  A  compound  analogous 
to  this  triiodnitroanisol  is  formed  from  tribromdinitrobenzol 
by  the  action  of  sodic  ethylate,^  CgHBrgNO^OH,  but  the 
amount  is  only  a  few  per  cent  of  the  whole  product,  so  that  it 
was  not  detected  until  the  experiment  was  tried  on  a  large 
scale.  On  the  other  hand,  the  triiodnitroanisol  must  have 
been  a  principal  product,  as  it  was  isolated  from  a  complex 
mixture  obtained  from  comparativelj''  small  quantities  of  the 
triioddinitrobenzol.  TribromtrinitrobenzoP  shows  similar  re- 
placements of  nitro  groups  with  sodic  ethylate,  forming  tri- 
bromdinitrophenetol,  CgBr3(N02)20C2H5,  or  tribromnitrore- 
sorcine  diethyl  ether,  CeBrjCNOJCOCjH.),.  The  most  prob- 
able explanation  of  this  difference  between  tribromdinitroben- 
zol and  triioddinitrobenzol  is  that  iodine  is  held  more  strongly 
than  bromine  by  the  carbon  of  the  benzol  ring,  so  that  the 
nitro  group  offers  less  resistance  to  replacement  than  the 
iodine,  and  this  view  is  confirmed  by  the  impression  conveyed 
to  our  minds  by  these  experiments  that  the  triioddinitroben- 
zol was  more  sluggish  in  its  behavior  with  reagents  than  the 
tribromdinitrobenzol,  but  this  impression  needs  confirmation 
by  careful  comparative  experiments  before  it  can  be  accepted 
as  proved. 

1  Jackson  aud  Koch  :  This  Journal,  21,  522  (1899). 

2  Jackson  and  Warren  :  Ibid.,  13,  187  (1891). 
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In  some  of  the  experiments  on  the  action  of  sodic  malonic 
ester  on  the  triioddinitrobeuzol,  a  substance  melting  at  182° 
was  obtained,  which  was  proved  to  be  an  addition-compound 
of  2  molecules  of  diioddinitrobeuzol  with  i  of  triioddinitro- 
benzol,  [CgHjl2(NOj)j]jCgHl3(NOj,)2-  Its  nature  was  estab- 
lished by  the  analysis  of  the  compound,  by  breaking  it  up  into 
its  constituents  by  crystallizations  from  alcohol  and  benzol, 
and  by  making  it  from  its  constituents  in  alcoholic  solution. 
A  similar  addition-compound,  [C6HBr3(NOij)j]jjC8Br^(N02),i, 
was  obtained  by  Moore  and  one  of  us.^ 

It  must  be  borne  in  mind  that  all  the  experiments  described 
in  this  paper  were  tried  with  small  quantities  of  substance, 
and,  therefore,  in  no  case  have  we  identified  all  the  products 
of  a  reaction.  The  compounds  described  may,  however, 
fairly  be  considered  the  principal  products  in  each  case. 

EXPERIMENTAL,  PART. 
Preparation  of  Triioddinitrobenzol . 

The  triiodaniline  used  was  prepared  by  a  modification  of 
the  process  of  Michael  and  Norton,^  as  follows  :  Ten  grams 
of  freshly  distilled  aniline  were  dissolved  in  500  cc.  of  strong 
hydrochloric  acid  and  the  whole  diluted  to  5  liters.  A  stream 
of  air  charged  with  the  vapor  of  chloride  of  iodine  (ICl)  was 
then  passed  through  this  solution  until  54  grams  had  been 
added.  The  flask  containing  the  chloride  of  iodine  was 
heated  to  60°.  The  whole  of  the  precipitate  was  used  in 
making  the  triiodbenzol,  both  the  light-brown  one  formed  at 
first  and  the  flocculent  buff-colored  precipitate  deposited  later. 
The  filtrate  was  used  to  dissolve  the  aniline  for  the  next 
operation.  Our  yield  by  this  process  amounted  to  50  to  70 
per  cent  and  is  therefore  better  than  that  obtained  by  Behr 
and  one  of  us.^ 

The  triiodbenzol  was  prepared  from  the  triiodaniline  by  a 
slight  modification  of  the  method  given  in  the  paper  just  cited. 
Ten  grams  of  the  triiodaniline  were  boiled  with  125  cc.  of 
benzol  and  25  cc.  of  alcohol,  and  disregarding  the  undissolved 

1  Ber.  d.  chem.  Ges.,  ai,  1707  (1888). 

2  Ibid.,  II,  III  (1878).   See  also  This  Journal,  26,  55  (1901). 
*  This  Journal,  26,  55  (1901). 
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portion,  5  cc.  of  commercial  sulphuric  acid  were  added,  and 
after  the  mixture  had  cooled  so  that  it  was  slightly  warm,  5 
grams  of  finely  powdered  sodic  nitrite  were  added  in  small 
portions  at  a  time,  shaking  the  loosely  corked  flask  after  each 
addition.  As  soon  as  the  evolution  of  nitrogen  had  slackened 
sufficiently  the  liquid  was  boiled  for  some  time  on  the  steam- 
bath,  until  a  large  part  of  the  solvents  had  passed  off.  It 
was  then  allowed  to  stand  over  night,  the  deposit  filtered  out, 
and  washed  first  with  alcohol  and  afterwards  with  hot  water. 
The  yield  with  a  gradual  addition  of  the  nitrite  was  better 
than  when  it  was  added  all  together,  as  recommended  by  Behr 
and  one  of  us.^ 

The  triiodbenzol  was  converted  into  triioddinitrobenzol  by 
boiling  5  grams  of  it  with  140  cc.  of  a  mixture  of  4  parts  of 
fuming  nitric  acid  (sp.  gr.  1.5)  and  i  part  of  common  strong 
nitric  acid  for  half  an  hour.  The  mixture,  on  cooling,  de- 
posited yellowish- white  crystals,  which  were  purified  by  crys- 
tallization from  a  mixture  of  benzol  and  ligroin. 

Action  of  Sodic  Methylate  on  Triioddinitrobenzol. 
A  preliminary  experiment  showed  that  sodic  methylate  in 
methyl  alcoholic  solution  had  but  slight  action  in  the  cold, 
the  solution  being  only  light-yellow  even  after  long  standing, 
and  the  crude  product  melting  at  195°  to  200°.  Accordingly, 
we  carried  on  the  reaction  hot,  as  follows  :  Fifteen  grams  of 
triioddinitrobenzol  were  dissolved  in  150  cc.  of  absolute 
methyl  alcohol  and  mixed  with  a  solution  of  sodic  methylate 
made  by  treating  1.9  grams  of  sodium  with  methyl  alcohol. 
This  gives  3  molecules  of  sodic  methylate  for  each  molecule  of 
the  triioddinitrobenzol.  The  mixture  was  gently  boiled  for 
about  eight  hours  in  a  flask  with  a  return-condenser.  It  took 
on  a  brownish-yellow  color  almost  at  once,  and  this  color  did 
not  alter  as  the  reaction  continued.  The  solvent  was  allowed 
to  evaporate  spontaneously  at  the  end  of  the  heating  and  the 
liquid  poured  off  from  the  crystals  after  about  half  of  it  had 
evaporated.  The  residue  left  by  the  evaporation  of  the  second 
half  of  the  solvent,  was  washed  thoroughly  with  water.  The 
washings  had  a  red  color,  indicating  probably  the  salt  of  a 

1  This  Journal,  a6,  58  (1901). 
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phenol.  The  residue,  insoluble  in  water,  was  crystallized 
from  alcohol,  when  light-yellow  clumps  of  radiating  needles 
were  obtained  mixed  with  amorphous  particles.  The  needles 
were  separated  mechanically  and  recrystallized  from  alcohol 
until  they  showed  the  constant  melting-point  128°,  when  they 
were  dried  at  100°  and  analyzed  with  the  following  result : 

I.  0.162 1  gram  substance  gave,  on  combustion,  0.0920 
gram  CO^  and  0.0219  gram  H^O. 

II.  0.1362  gram  substance  gave,  by  the  Carius  method, 
0.1818  gram  Agl. 

III.  0.2338  gram  substance  gave  0.3135  gram  Agl. 

Calculated  for  Found. 

C6HI3NO0OCH3.  I.  II.  III. 

C  15.82  15.48  

H  0.75  1.50  

I  71-73  ••••  72.16         72.46 

The  substance  is  therefore  the  triiodnitroanisol. 

Properties  of  the  Triiodnitroanisol^  CeHIjNOjOCHj. — Crys- 
tallized from  alcohol,  it  forms  white  or  very  light-yellow, 
slender  prisms,  terminated  by  a  single  plane  at  an  oblique 
angle.  It  melts  at  128°.  It  is  freely  soluble  in  benzol,  ether, 
toluol,  chloroform,  acetone,  or  carbonic  disulphide  ;  moder- 
ately soluble  in  cold  ethyl  or  methyl  alcohol,  freely  soluble 
when  hot ;  somewhat  soluble  in  cold,  more  soluble  in  hot 
glacial  acetic  acid  ;  insoluble  in  ligroin  or  water.  Strong 
sulphuric  acid  dissolves  it,  giving  a  yellow  solution  ;  strong 
hydrochloric  acid,  or  nitric  acid,  or  sodic  hydrate  has  no  ap- 
parent action. 

The  less  soluble  portion  of  the  product  from  the  action  of 
sodic  methylate  on  triioddinitrobenzol  yielded,  after  washing, 
recrystallization  from  alcohol,  mechanical  separation,  and 
frequent  recrystallizations  from  alcohol,  a  crystalline  sub- 
stance which  melted  between  253°  and  256°.  Unfortunately, 
the  amount  was  too  small  to  allow  us  to  purify  this  body 
thoroughly,  but  an  analysis  of  our  best  specimen  gave  the 
following  results  : 

0-1635  gram  substance  gave,  by  the  Carius  method,  0.1122 
gram  Agl. 
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Calculated  for 
CeHI(OCH3)3N02.  Found. 

I  37.47  37.10 

This  analysis  indicates  that  the  substance  was  formed  by 
the  replacement  of  2  atoms  of  iodine  by  methoxy  groups  in 
the  triiodnitroanisol,  which  we  have  shown  was  a  principal 
product  of  the  reaction.  This  single  analysis  of  a  substance 
not  certainly  pure  obviously  needs  confirmation  before  it  can 
be  accepted. 

Action  of  Sodic  Ethylate  on  Triioddinitrohenzol . 

Ten  grams  of  triioddinitrohenzol,  dissolved  in  75  cc.  of  ab- 
solute alcohol,  were  mixed  with  a  solution  of  sodic  ethylate 
prepared  from  1.3  grams  of  sodium  ;  that  is,  3  molecules  of 
ethylate  were  used  to  each  molecule  of  the  substituted  benzol. 
A  slight  reaction  took  place  in  the  cold,  as  shown  by  the  ap- 
pearance of  a  brownish-red  color,  but  disregarding  this,  the 
mixture  was  boiled  for  fifteen  minutes  in  a  flask  with  a  re- 
turn-condenser. The  dark-red  solution  was  allowed  to  evap- 
orate spontaneously,  and  the  residue  washed  with  water. 
The  light-colored  insoluble  portion  was  recrystallized  from 
alcohol  until  it  showed  the  constant  melting-point  130°,  when 
it  was  dried  at  100°  and  analyzed  with  the  following  result. 
It  contained  no  iodine  : 

0.1382  gram  substance  gave,  on  combustion,  0.2365  gram 
COj  and  0.0627  gram  H^O. 

Calculated  for 
C6H2(N02)2(OC2H6)o.  Found. 

C  46.88  46.68 

H  4.69  5-05 

This  proves  that  the  substance  is  a  dinitroresorcine  diethyl 
ether,  and  we  think  it  identical  with  that  discovered  by  War- 
ren and  one  of  us,^  although  it  melts  at  130°,  and  the  melting- 
point  given  in  the  paper  cited  is  133°.  We  explain  this  differ- 
ence in  melting-point  by  assuming  the  presence  of  an  obsti- 
nately adhering  impurity  in  our  substance. 

A  small  quantity  of  another  body  was  also  observed  crys- 
tallizing in  plates  and  melting  near  200°,  but  we  could  not  ob- 
tain enough  of  it  for  purification. 

1  This  Journal,  13, 170  (1891). 


304  Jackson  and  Langvtaid. 

Action  of  Sodic  Malonic  Ester  on  Triioddinitrobenzol. 

A  number  of  different  products  were  obtained  from  this  re- 
action. Twenty-five  grams  of  triioddinitrobenzol  were  dis- 
solved in  300  cc.  of  absolute  alcohol  and  mixed  with  22  grams 
of  malonic  ester  previously  treated  with  the  sodic  ethylate 
made  from  3.2  grams  of  sodium  and  100  cc.  of  absolute  alco- 
hol. A  red  color  appeared  at  once,  but  disregarding  this,  the 
mixture  was  boiled  for  five  minutes  in  a  flask,  with  a  return- 
condenser,  and  the  product  was  then  allowed  to  evaporate 
spontaneously.  The  residue  was  much  less  oily  if  the  liquid 
had  been  acidified  with  hydrochloric  acid,  but  in  that  case  the 
salt  of  the  substituted  malonic  ester  could  not  be  washed  out 
directly  with  water,  and  the  later  purification  was  therefore 
more  difficult.  The  residue  was  washed  with  water,  and  the 
portion  insoluble  in  water,  which  was  the  principal  product  of 
the  reaction,  was  washed  several  times  with  warm  alcohol, 
which  formed  a  dark-green  solution  and  left  a  mass  of  yellow 
crystals.  These  were  purified  by  crystallization  from  alcohol 
containing  a  little  benzol  until  they  showed  the  constant  melt- 
ing-point 160°,  when  they  were  dried  at  100°  and  analyzed 
with  the  following  result : 

I.  0.2203  gram  substance  gave,  on  combustion,  0.1440 
gram  COj  and  0.0189  gram  H,0. 

II.  0.2364  gram  substance  gave,  by  the  Carius  method, 
0.2649  gram  Agl. 

III.  0.1781  gram  substance  gave  0.1991  gram  Agl. 

Calculated  for  Found. 

C6H2l2(N02)2.  I.  II.  III. 

C  17.15  17.83        

H  0.47  0.96  ....  .... 

I  60.47  60.57        60.43 

The  substance  is  therefore  a  diioddinitrobenzol  formed  from 
the  triioddinitrobenzol  by  the  replacement  of  i  atom  of  iodine 
by  I  of  hydrogen.  To  judge  from  the  melting-point  160°,  it 
is  the  same  as  the  diioddinitrobenzol  prepared  by  Istrati  and 
Georgescu^  by  the  action  of  nitric  acid  on  their  triiodbenzol 
melting  at  83°  to  84°  (probably  the  vicinal  isomer),  since 
their  dinitro  body  melts  at  160"  to  162°. 

1  Buletinul  See.  Sci.  Fiz.  Bucuresci,  i,  63. 
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Properties  of  Diioddinitrobenzol,  C6HjI,(N0j)j. — Crystallized 
from  benzol  containing  a  little  alcohol  it  formed  usually 
square-ended  prisms  arranged  in  groups  formed  by  the  union 
of  the  long  sides  of  the  prisms,  so  that  the  ends  look  like 
flights  of  steps.  I,ess  often  it  occurs  in  prisms  terminated  by 
several  planes  belonging  apparently  to  the  monoclinic  system. 
From  alcohol  it  crystallizes  in  long,  slender  needles  very 
much  branched,  forming  irregular,  feather-like  forms.  It  has 
a  full  yellow  color  and  melts  at  160°.  It  is  freely  soluble  in 
ether,  benzol,  chloroform,  acetone,  glacial  acetic  acid,  or  car- 
bonic disulphide  ;  moderately  soluble  in  cold  ethyl  or  methyl 
alcohol,  more  so  when  hot ;  very  slightly  soluble  in  ligroin ; 
insoluble  in  water.  The  best  solvent  for  it  is  a  mixture  of 
alcohol  and  benzol.  Strong  sulphuric  acid  dissolves  it 
slightly  with  a  faint  yellow  color,  but  it  seems  to  be  unaffected 
by  strong  hydrochloric  acid  or  nitric  acid,  or  an  aqueous  solu- 
tion of  sodic  hydrate. 

loddinitrophenylmalon  ic  Ester, 
C,H,I(NO,),CH(COOC,H,),. 

In  the  preparation  of  the  diioddinitrobenzol  it  was  men- 
tioned that  the  product  insoluble  in  water  was  washed  with 
warm  alcohol.  The  dark-green  washings,  when  allowed  to 
evaporate  spontaneously,  left  a  mixture  of  white  and  yellow 
crystals.  The  latter  were  picked  out  mechanically  as  far  as 
possible,  and  then  recrystallized  from  ligroin  until  they 
showed  the  constant  melting-point  83°,  when  they  were  dried 
in  vacuo  and  analyzed  with  the  following  result : 

I.  0.1 82 1  gram  substance  gave,  by  the  Carius  method, 
0.0946  gram  Agl. 

II.  0.1696  gram  substance  gave  0.0899  gram  Agl. 

Calculated  for  Found. 

C,H2l(N02)2CH(C00C.H6)2.  I.  II. 

I.  28.07  28.08  28.67 

The  substance  is  therefore  ioddinitrophenylmalonic  ester, 
formed  by  the  replacement  of  i  atom  of  iodine  by  the  malonic 
ester  radical  and  of  a  second  by  hydrogen. 
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Properties  of  loddinitrophenylmalonic  Ester. — It  crystallizes 
from  alcohol  in  well-developed  yellow,  rhombic  plates  with 
each  acute  angle  truncated  by  a  plane,  which  look  as  if  they 
belonged  to  the  orthorhombic  system.  It  melts  at  83°,  and  is 
freely  soluble  in  alcohol,  ether,  benzol,  methyl  alcohol,  chloro- 
form, acetone,  glacial  acetic  acid,  or  carbonic  disulphide  ; 
moderately  soluble  in  ligroin ;  insoluble  in  water.  L,igroin 
is  the  best  solvent  for  it.  Strong  hydrochloric  acid  has  no 
apparent  action  on  it.  Strong  nitric  acid  or  sulphuric  acid 
dissolves  it,  giving  a  yellow  solution.  Sodic  hydrate  gives 
with  it  a  red  solution  of  the  sodium  salt.  In  this  respect  it 
resembles  most  of  the  other  nitrophenylmalonic  esters  known. 

The  colorless  crystals  which  were  mixed  with  the  loddini- 
trophenylmalonic ester,  when  first  obtained,  were  found  also 
in  the  mother-liquors  from  itsrecrystallization.  They  melted 
at  about  73°  and  contained  no  iodine,  but  were  not  obtained 
in  sufl&cient  quantity  for  identification. 

Addition-Compound  of  Diioddinitrobenzol  and  Triioddinitroben- 
zol,  [CeH,I,(N0,),]Al3(N0,),. 

In  some  of  the  experiments  on  the  action  of  sodic  malonic 
ester  on  triioddinitrobenzol  still  another  compound  was  ob- 
tained, which  was  less  soluble  in  cold  alcohol  even  than  the 
diioddinitrobenzol.  It  appeared  in  largest  amount  in  the 
products  of  one  reaction,  which  was  carried  on  at  ordinary 
temperatures.  It  was  purified  by  repeated  crystallization 
from  hot  alcohol,  but  we  found  it  very  hard  to  get  it  abso- 
lutely pure,  as  is  shown  by  the  following  analyses  of  the  sub- 
stance dried  at  100°  : 

I.  0.2660  gram  substance  gave,  by  the  Carius  method, 
0.31 19  gram  Agl. 

II.  0.2488  gram  substance  gave  0.2918  gram  Agl. 

Calculated  for  Found. 

[C6H2l2(N02)2]2C6Hl3(N02)2.  I.  II. 

I  64.14  63.37  63.40 

These  analyses  indicate  that  the  substance  is  an  addition- 
compound  of  2  molecules  of  the  diioddinitrobenzol  and  i  of 
the  triioddinitrobenzol,  but  they  are  obviously  insufi&cient  to 
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establish  its  nature  with  certainty.  The  proof  of  its  composi- 
tion was  given  by  its  decomposition  into  its  components  and 
its  synthesis  from  them.  By  crystallizing  the  substance  from 
a  mixture  of  alcohol  and  benzol,  it  was  in  time  broken  up  into 
diioddinitrobenzol,  melting  at  160°,  and  triioddinitrobenzol, 
melting  at  210°.  These  products  were  also  recognized  by 
their  crystalline  forms.  Alcohol  alone  does  not  bring  about 
this  decomposition.  To  achieve  its  synthesis,  a  mixture  of 
diioddinitrobenzol  with  triioddinitrobenzol,  in  the  proportion 
of  2  molecules  of  the  former  to  i  of  the  latter,  was  boiled  for 
two  hours  with  alcohol  in  a  flask  with  a  return-condenser. 
Upon  allowing  the  solids  to  crystallize  two  sorts  of  crystals 
were  obtained,  square-ended  prisms  like  the  addition-com- 
pound and  needles  like  those  of  the  diioddinitrobenzol,  when 
crystallized  from  alcohol.  The  mother-liquors  containing  the 
needles  were  heated  with  a  small  additional  amount  of  the 
triioddinitrobenzol,  and  after  three  recrystallizations  a  prod- 
uct was  obtained  which  melted  between  181°  and  184°,  and 
was  identical  in  color  and  crystalline  form  with  our  addition- 
product.  There  can  be  no  doubt,  therefore,  that  our  sub- 
stance is  really  the  compound 

[C«HJ,(N0,)JAHl3(N0,), 

That  it  is  not  a  mixture  of  the  two  components  was  shown  by 
the  fact  that  it  gave,  when  crystallized  from  alcohol,  crystals 
of  only  one  sort,  which  differed  from  those  of  either  of  its 
components. 

Properties  of  the  Addition- Compound 
[CgH.I.CNOJJ.CgHIjCNO,),.— It  crystallizes  from  alcohol  in 
long,  slender,  square-ended  prisms  of  a  paler  yellow  than 
those  of  the  diioddinitrobenzol,  entirely  different  on  the  one 
hand  from  the  long,  slender,  branching  needles  of  the  diiod- 
dinitrobenzol, and  on  the  other  from  the  thick  needles  in  radia- 
ting bunches  of  the  triioddinitrobenzol.  It  melts  at  182°  and 
is  freely  soluble  in  methyl  alcohol,  benzol,  ether,  chloroform, 
acetone,  or  carbonic  disulphide  ;  slightly  soluble  in  cold,  sol- 
uble in  hot  alcohol  (difference  from  diioddinitrobenzol)  ; 
slightly   soluble   in   cold   glacial   acetic  acid,  freely  soluble 
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when  hot ;  slightly  soluble  in  ligroin  whether  cold  or  hot. 
Alcohol  is  the  best  solvent  for  it.  Benzol,  even  when  mixed 
with  alcohol,  breaks  it  up  into  its  components.  It  is  not  per- 
ceptibly affected  by  the  three  strong  acids  or  an  aqueous  solu- 
tion of  sodic  hydrate. 


THE  EXISTENCE  OF   HYDRATES   IN  SOLUTIONS 

OF  CERTAIN  NON-EEECTROEYTES  AND  THE 

NON-EXISTENCE     OF     HYDRATES     IN 

SOLUTIONS  OF  ORGANIC  ACIDS. 

ByHakryC.  Jones  and  Frederick  H.  Getman'  (Carnegie  Reseapch  Assistant)^ 

Having  found  that  electrolytes  in  general  form  hydrates  of 
greater  or  less  complexity  with  water,''  we  naturally  turned 
our  attention  to  the  non- electrolytes.  These  have  been 
Studied  by  the  same  general  methods  as  were  employed  with 
the  electrolytes,  the  conductivity  method,  of  course,  not  being 
used. 

In  determining  the  freezing-point  of  dilute  solutions,  an 
ordinary  Beckmann  thermometer  was  used.  For  the  more 
concentrated  solutions,  Beckmann  thermometers  having  a 
range  of  12°  and  25*^  were  employed.  An  alcohol  thermome- 
ter was  used  to  measure  the  freezing-points  of  the  most  con- 
centrated solutions.  The  freezing-mixtures  employed  were 
salt  and  ice,  calcium  chloride  and  ice,  or  solid  carbon  dioxide 
and  alcohol,  depending  on  the  concentration  of  the  solution 
whose  freezing-point  was  to  be  determined. 

For  the  method  of  determining,  from  the  experimental  data, 
whether  or  not  hydrates  exist  in  solution,  reference  must  be 
made  to  one  of  our  earlier  papers.*  The  specific  gravities  of 
the  solutions  were  determined  and  used  in  the  calculation  of 
the  composition  of  the  hydrates  in  solution  in  a  manner 
strictly  analogous  to  that  employed  with  the  electrolytes. 

In  the  following  tables  of  "freezing-point  measurements" 
m  is  the  concentration  in  terms  of  gram-molecular  normal,  A 

1  This  investigation  was  made  possible  by  a  grant  from  the  Carnegie  Institution, 
with  which  Dr.  Getman  was  appointed  a  Research  Assistant. 

2  ztschr.  phys.Chem.,46,244  ;  Phys.  Rev.,  i8,  146;  This  Journal,  31,303. 

3  Loc.  cit. 
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is  the  lowering  of  the  freezing-point  observed  :    and  —  the 

m 

molecular  lowering  of  the  freezing-point. 

In  the  tables  of  "  specific  gravities,"  m  is  the  concentration 
in  terms  of  gram-molecular  normal,  Wgoi.  is  the  weight  of  25 
cc.  of  the  solution  ;  Wsubstance  is  the  weight  of  the  substance 
in  question  in  25  cc.  of  the  solution  ;  WhjO  is  the  weight  of 
water  in  25  cc.  of  the  solution  ;  and  correction  is  the  percent- 
age difference  between  the  amount  of  water  in  i  liter  of  the 
solution  and  i  ,000  grams  of  water. 

In    the  tables  of  "hydrates,"   m  is  the  concentration  in 

terms  of  gram-molecular  normal  ;  'L,  the  calculated  molecular 

A 
lowering  for  non- electrolytes  ;  —  the  observed  molecular  low- 

tn 

ering  ;  L'  the  molecular  lowering  corrected  for  specific  gravi- 
ties; m  the  number  of  gram-molecules  of  water  combined 
with  the  substance  at  the  concentration  expressed  by  the  ab- 

m  . 
scissae  ;  H  =  — 7  is  the  number  of  molecules  of  water  combined 

with  I  molecule  of  the  substance  at  the  concentration  in  ques- 
tion. 

We  have  worked  with  thirteen  non-electrolytes,  and  the  re- 
sults obtained  are  given  in  the  following  tables.  Care  was 
taken  in  every  case  to  test  the  purity  of  the  substance  used, 
and  to  purify  the  compound  when  the  specimen,  furnished  in 
most  cases  by  Kahlbaum,  was  not  sufficiently  pure. 

Methyl  Alcohol. 
The  results  are  given  in  Tables  I.  to  III.     A  glance  at 
Table  I.  will  show  a  marked  increase  in  the  molecular  lower- 

ing,  — ,  with  increase  in  concentration.     This  would  suggest 

at  first  sight  that  there  is  considerable  hydration  in  the  more 
concentrated  solutions.  Such,  however,  is  not  the  case. 
When  the  observed  molecular  lowering  is  corrected  for  specific 
gravity,  i.  e,  referred  to  1,000  grams  of  the  solvent,  the  ob- 
served lowering  does  not  differ  greatly  from  the  calculated. 
This  is  seen  by  comparing  column  V  with  column  I^,  Table  III. 
At  no  concentration  do  we  find  as  much  as  i  molecule  of 
water  combined  with  every  molecule  of  the  alcohol. 
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The  freezing-point  data  for  methyl  alcohol  are  plotted  as  a 
curve  (Fig.  I.)-     The  abscissae  represent  concentrations  and 
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Fig.  I. 


the  ordinates  molecular  lowering  of  the  freezing-point. 
J  able  I. — Freezing-point  Measurements. 
Methyl  alcohol,  CH^O  =  32.04. 
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Table  II. — Specific  Gravities. 

m.              Wsol.             WCH4O.            WhjO.  Correction. 

Per  cent. 

0.5            24.8825            0.4000            24.4825  2.07 

i.o    24.8071    0.8000    24.0071  3.97 

2.0     24.7032     1.6000     23.1032  7.89 

3.0    24.5111    2.4000    22. nil  11.86 

4.0     24.3773     3.2000     21.1773  15.29 

5.0     24.2655     4.0000     20.2655  18.94 

6.0     24.1013     4.8000     19.3013  22.79 

7.0     24.0195     5.6000     18.4195  26.32 

8.0     23.8966     6.4000     17.4966  30.01 

9.0     23.7476     7.2000     16.5476  33.81 

10. o         23.6050         8.0000         15.6050  37.58 
Table  III. — Hydrates. 

A 

m.                 L.                  .                 V.                  m.  H. 


0.5 

1.86 

1.87 

1.83 

1.0 

1.86 

1.90 

1.86 

3.0 

1.86 

2.15 

1.90 

I.I 

0.4 

4.0 

1.86 

2.28 

1.93 

2.0 

05 

5-0 

1.86 

2.30 

1.87 

•  • 

6.0 

1.86 

2.50 

1-93 

2.0 

0-3 

7.0 

1.86 

2.71 

2.00 

3-9 

0.5 

8.0 

1.86 

2.94 

2.06 

5-4 

0.7 

9.0 

1.86 

3-17 

2.10 

6.4 

0.7 

10. 0 

1.86 

3-35 

2.10 

6.4 

0.6 

Ethyl  Alcohol. 

Results  were  obtained  with  ethyl  alcohol  which  are  of  the 
same  general  character  as  those  given  by  methyl  alcohol. 
The  freezing-points  of  the  solutions  of  ethyl  alcohol  are,  how- 
ever, lower  than  those  of  methyl  alcohol  of  the  same  concen- 
trations. The  corrections  for  specific  gravities  are  larger  for 
the  ethyl  alcohol,  so  that  the  amount  of  hydration  shown  by 
this  substance  is  not  very  much  greater  than  that  shown  by 
methyl  alcohol. 

The  data  for  ethyl  alcohol  are  recorded  in  Tables  IV.  to 
VI.,  and  the  freezing-point  measurements  are  plotted  in  Fig. 
I.  The  magnitude  of  the  hydration  shown  by  ethyl  alcohol 
is  seen  in  Table  VI.     There  is,  of  course,  the  possibility  that 
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ethyl  alcohol  undergoes  some  polymerization  in  solution  and 
that  the  true  hydration  is  greater  than  would  be  indicated  by 
these  figures. 

Table  IV. — Freezing-point  Measurements. 
Ethyl  alcohol,  C,H,0  —  46.06. 


0.5 

0.895 

1.790 

I.O 

1.872 

1.872 

2.0 

4.010 

2.005 

30 

6.720 

2.240 

4.0 

9.960 

2.490 
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14.200 

2.840 

6.0 

19.000 

3.160 

7.0 

24.250 

3.460 

8.0 

30.000 

3-740 

Table  V. 

— Specific 

Gravities. 

m. 

Wsol. 

WCaHeO. 

Wh«o. 

Correction 
Per  cent. 

0.5 

24.8275 

0.5750 

24-2525 

2.99 

1.0 

24.7147 

I. 1500 

23-5647 

5-74 

2.0 

24-5514 

2.3100 

22.2414 

903 

30 

24.3845 

3-4500 

20.9345 

16.26 

4.0 

24.2400 

4.6200 

19.6200 

21.52 

50 

24.0891 

5-7500 

18.3391 

26.65 

6.0 

23.8720 

6.9000 

16.9720 

32.11 

7.0 

23.6930 

8.0500 

15.6430 

37-43 

8.0 

23-4333 

9.2400 

14.1933 

43-23 

Table  VI. — Hydrates. 


v. 


H. 


0.5 

1.86 

1.790 

1.740 

1.0 

1.86 

1.872 

1-765 

2.0 

1.86 

2.005 

1.825 

3-0 

1.86 

2.240 

1-873 

4.0 

1.86 

2.490 

1-955 

2.7 

0-7 

5.0 

1.86 

2.840 

2.082 

6.0 

1.2 

6.0 

1.86 

3.160 

2.150 

6.9 

I.I 

7.0 

1.86 

3.460 

2.166 

7-8 

I.I 

8.0 

1.86 

3-740 

2.120 

6.8 

0.8 
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n-Propyl  Alcohol. 

Propyl  alcohol  gives  lowerings  of  the  freezing-point  that 
differ  markedly  from  those  produced  by  methyl  and  ethyl 
alcohols.  The  molecular  lowering  increases  with  the  concen- 
tration up  to  a  certain  point,  passes  through  a  maximum  and 
then  decreases  (Table  VII.)-  The  corrected  molecular  low- 
ering is  smaller  than  the  theoretical  value,  1.86,  at  nearly  all 
concentrations,  and  becomes  very  much  smaller  in  the  more 
concentrated  solutions.  Indeed,  in  a  six-normal  solution  the 
corrected  molecular  lowering  becomes  less  than  half  of  the 
theoretical  value.     This  is  shown  in  Table  IX. 

The  explanation  of  these  results  is  to  be  found,  undoubt- 
edly, in  the  polymerization  of  the  molecules  of  normal  propyl 
alcohol,  especially  in  concentrated  solution.  It  is,  therefore, 
impossible  to  say  in  such  cases  whether  or  not  there  is  any 
hydration. 

Table  VII. — Freezing-point  Measurements. 
w-Propyl  alcohol,  CjH^OH. 


0.5 

0.890 

1.78 

I.O 

1.900 

1.90 

2.0 

4. 160 

2.08 

3.0 

7.100 

2.37 

4.0 

8.820 

2.20 

5-0 

9-450 

1.89 

Table  VIII.— specific 

Gravities. 

m. 

Wsol. 

WCgHvOH. 

WH20. 

Correction 
Per  cent. 

0.5 

24.8348 

0.7500 

24.0848 

3-66 

1.0 

24.6690 

1.5000 

23.1690 

7-32 

2.0 

24.4770 

3.0000 

21.4770 

14.09 

3-0 

24.2478 

4.5000 

19.7478 

21.0 

4.0 

23-9394 

6.0000 

17-9394 

28.24 

5-0 

23.5960 

7.5000 

16.0960 

33-62 

6.0 

23.2411 

9.0000 

14.2411 

43-04 

7.0 

22.8372 

10.5000 

12.3372 

50.65 
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Table  IX.- 

—Hydrates. 

m. 

X,. 

A 
m 

V. 

0.5 

1.86 

1.78 

1. 71 

I.O 

1.86 

1.90 

1.76 

2.0 

1.86 

2.08 

1.79 

3.0 

1.86 

2.37 

2.04 

4.0 

1.86 

2.20 

1.58 

5.0 

1.86 

1.89 

1-25 

6.0 

1.86 

1.50 

0.85 

Acetone. 
The  freezing-point  lowerings  produced  by  acetone  increase 
considerably  with  increase  in  the  concentration  of  the  solu- 
tion, but  the  correction  for  specific  gravity  is  ul usually  large 
(Table  XI.)-  When  the  proper  corrections  are  applied,  the 
"true  molecular  lowerings"   decrease  with  increase  in  the 
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concentration  of  the  solutions.  The  experimental  values  at 
all  concentrations  studied  are  below  the  calculated  value  for 
a  non-dissociated,  non-polymerized  substance,  and  at  great 
concentrations  the  values  found  fall  very  much  below  the 
theoretical  value  (column  L',  Table  XII. )• 

This  shows  that  the  acetone  undergoes  polymerization  in 
such  solutions,  the  amount  of  the  polymerization  being  a 
function  of  the  concentration — increasing  from  the  most  dilute 
to  the  most  concentrated  solutions  studied.  The  freezing- 
point  curve  is  plotted  in  Fig.  II. 

Table  X. — Freezing-point  Measurements. 
Acetone,  CH3.CO.CH,  =  58.06. 


0.5 

0.930 

1.860 

I.O 

1. 919 

1. 919 

2.0 

4. no 

2-055 

30 

6.800 

2.270 

4.0 

9.700 

2.420 

5-0 

13.000 

2.600 

6.0 

16.000 

2.670 

7.0 

20.000 

2.86 

8.0 

24.000 

3.00 

9.0 

29.560 

3-28 

lO.O 

33-75 

3-37 

Table  XL 

, — Specific 

Gravities. 

m. 

Wsol. 

WCsHeO. 

Wh^o. 

Correction 
Per  cent. 

0.5 

24.8177 

0.7250 

24.0927 

3-63 

1.0 

24.7292 

1.4500 

23.2792 

6.88 

2.0 

24-5396 

2.9000 

21.6396 

13.44 

3-0 

24.3129 

4-3500 

19.9629 

20.15 

4.0 

24.1056 

5.8000 

18.3056 

26.78 

5-0 

23.8278 

7.2500 

16.5778 

33-69 

6.0 

23-5748 

8.7000 

14.8748 

40.00 

7.0 

23-2513 

10.1500 

13.1013 

47-59 

8.0 

22.9160 

11.6000 

11.3160 

54.74 

9.0 

22.5212 

13.0500 

9.4712 

62.12 

10. 0 

22.0880 

14.5000 

7.4880 

70.04 
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Table  XII. — Hydrates. 


m. 

I,. 

m 

V. 

0.5 

1.86 

1.860 

1.790 

I.O 

1.86 

1-919 

787 

2.0 

1.86 

2.055 

780 

3-0 

1.86 

2.270 

816 

4.0 

1.86 

2.420 

774 

5-0 

1.86 

2.600 

724 

6.0 

1.86 

2.670 

586 

7.0 

1.86 

2.860 

499 

8.0 

1.86 

3.000 

358 

9.0 

1.86 

3.280 

246 

10. 0 

1.86 

3-370 

on 

Acetamide. 

While  the  value  of  —  for  acetamide  increases  rapidly  with 
m 

the  concentration,  the  corrected  molecular  lowering,  L', 
Table  XV.,  does  not  change  appreciably  in  magnitude.  In- 
deed, the  values  found  at  the  various  dilutions  do  not  differ 
appreciably  from  the  theoretical  value  1.86.  This  indicates 
that  acetamide  neither  forms  hydrates  nor  undergoes  polym- 
erization at  any  dilution. 

There  is,  of  course,  the  possibility  that  these  influences  are 
simultaneously  operative,  but  in  order  that  this  should  be 
true,  we  would  have  to  assume  that  the  magnitude  of  each  of 
these  influences  was  exactly  equal  at  all  concentrations, 
which  is  a  highly  improbable  assumption.  The  freezing- 
point  data  for  acetamide  are  plotted  in  Fig.  II. 

Table  XIII. — Freezing-point  Measurements. 
Acetamide,  CH3.CO.NH,  =  59.09. 

A 

tn.  A.  . 

m 

0.782 


0.4 
1.0 
2.0 
3-0 
4.0 
5-0 
6.0 
7-0 
8.0 
9.0 


1-930 

4.050 

6.440 

9.150 

11.800 

15.800 

20.750 

26.000 

32.500 


1-93 
1-93 
2.03 

2.15 
2.29 
2.36 
2.63 
2.96 

3.25 
3.61 


Hydrates  in  Solutions. 
Table  XIV. — Specific  Gravities. 
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m. 

Wsol. 

WCH3CONH2.      WH20. 

Correctioi 

Per  cent. 

0.4 

24.9502 

0.5900 

24.3602 

2.56 

I.O 

25.0486 

1-4750 

23-5736 

5-70 

2.0 

25.1446 

2.9500 

22 

1946 

11.22 

30 

25-2355 

4.4250 

20 

8105 

16.76 

4.0 

25.3858 

5.9000 

19. 

4858 

22.06 

50 

25-4530 

7-3750 

18 

0780 

27.69 

6.0 

25.5606 

8.8500 

16 

7106 

33-16 

7.0 

25.6660 

9-3250 

16 

3410 

34-64 

8.0 

25.7861 

11.8000 

13 

9861 

44.06 

9.0 

25-8257 

13.2750 

12. 

5500 

49.80 

Table  XV.— Hydrates, 

tn. 

•L,. 

A 
m 

L'. 

0.4 

86 

1.93 

1.88 

1.0 

86 

1.93 

1.82 

2.0 

86 

2.03 

1. 81 

30 

86 

2.15 

1.79 

4.0 

86 

2.29 

1.79 

50 

86 

2.36 

1. 71 

6.0 

86 

2.63 

1.76 

7.0 

86 

2.96 

1-94 

8.0 

86 

3.25 

1.82 

9.0 

86 

3.61 

1-79 

Urea. 

The  observed  molecular  depression  produced  by  urea  does 
not  change  appreciably  with  the  concentration,  as  is  seen  in 

J 
column  — ,  Table  XVI.     When  these  values  are  corrected 
m 

for  specific  gravities,  the  true  molecular  lowerings  decrease 
quite  markedly  with  increase  in  the  concentration  of  the  solu- 
tions.    This  is  seen  in  column  V,  Table  XVIII. 

Here,  again,  we  have  considerable  polymerization,  and  the 
amount  of  the  polymerization  increases  with  the  concentra- 
tion of  the  solutions. 

The  curve  for  urea  is  given  in  Fig.  II.  / 
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Table  XVI. — Freezing-point  Measurements. 


0.5 
i.o 

1-5 
2.0 

2.5 
3-0 

3-5 
4.0 

4-5 


0-975 
1.878 
2.900 
3.800 
4.724 
5.767 
6.555 
7.625 

8.975 


95 
88 

93 
90 

89 
92 
87 
91 
99 


Table  XVII. — Specific  Gravities. 

Wsol.  Wurea.  WhjO.         Correction. 

Per  cent. 


0.5 

25.1409 

0.7500 

24.3909 

2.44 

1.0 

25.3258 

1.5000 

23.8258 

4.70 

1.5 

25.4996 

2.2500 

23.2496 

7.00 

2.0 

25.7206 

3.0000 

22.7206 

9.12 

2.5 

25.8933 

3.7500 

22.1433 

11.43 

3.0 

26.1085 

4.5000 

21.6085 

13.57 

3.5 

26.2992 

5.2500 

21.0492 

15.80 

4.0 

26.4785 

6.0000 

20.4785 

18.09 

4.5 

26.6456 

6.7500 

19.8956 

20.42 

Table  XVIII.— Hydrates. 


L'. 


0.5 

1.86 

1.95 

1.90 

1.0 

1.86 

1.88 

1.80 

1-5 

1.86 

1-93 

1-75 

2.0 

1.86 

1.90 

1.73 

2.5 

1.86 

1.89 

1.67 

3.0 

1.86 

1.92 

1.66 

3.5 

1.86 

1.87 

1-57 

4.0 

1.86 

1. 91 

1-57 

4.5 

1.86 

1.99 

1.58 

Chloral  Hydrate. 

The  freezing-point  curve  for  chloral  hydrate  (Fig.  II.)  is 
somewhat  remarkable.  It  shows  one  or  two  well-defined 
breaks,  the  meaning  of  which  is  not  apparent.  While  the 
observed  molecular  lowering  increases  quite  markedly  with 
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the  concentration  (Table  XIX.)  the  corrected  molecular  low- 
ering, L',  Table  XXI.,  shows  only  slight  increase  as  the  con- 
centration of  the  solution  increases.  The  true  molecular  low- 
ering produced  by  chloral  hydrate  is  never  much  larger  than 
the  theoretical  value,  and,  therefore,  this  substance  does  not 
show  any  marked  hydration  at  any  of  the  dilutions  with 
which  we  worked. 

Table  XIX. — Freezing-point  Measurements. 
Chloral  hydrate,  CClj.COH.H.O  =  165.38. 


0.15 

0.260 

1-73 

0.30 

0.556 

1.85 

0.60 

1. 241 

2.07 

0.90 

1.825 

2.03 

1.2 

2.505 

2.09 

1.5 

3.274 

2.18 

1.8 

4.176 

2.29 

2.1 

5.200 

2.52 

2.4 

6.170 

2.58 

2.7 

7.200 

2.67 

30 

8.280 

2.76 

Table  XX. — Specific  Gravity  Measurements. 

m. 

Wsol.        WCCI3  COH.HjO. 

WH2O. 

Correction, 

Per  cent. 

0.15 

25.2450 

0.6202 

24.6248 

1.50 

0.3 

25.5002 

1.2405 

24.2597 

2.96 

0.6 

26.0785 

2.4810 

23-5975 

5-61 

0.9 

26.5458 

3.7215 

22.8243 

8.70 

1.2 

27.1197 

4.9620 

22.1577 

11.37 

1-5 

27.6235 

6.1025 

21.5210 

13.92 

1.8 

28.1998 

7.4430 

20.7568 

16.97 

2.1 

28.7492 

8.6835 

20.0657 

19.74 

2.4 

29.1582 

9.9240 

19.2342 

23.06 

2.7 

29.3230 

1 1. 1645 

18.1585 

27-37 

3-0 

30.2896 

12.4050 

17.8846 

28.46 
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Tadlg  XJi 

CI. — Hydrates. 

m. 

J.. 

A 
m 

I,'. 

0.15 

1.86 

1-73 

1.70 

0.3 

1.86 

1.85 

1.80 

0.6 

1.86 

2.07 

1-95 

0.9 

1.86 

2.03 

1.85 

1.2 

1.86 

2.09 

1.86 

1.5 

1.86 

2.18 

1.88 

1.8 

1.86 

2.29 

1.90 

2.1 

1.86 

2.52 

2.02 

2.4 

1.86 

2.58 

2.00 

2.7 

1.86 

2.67 

1-95 

3.0 

1.86 

2.76 

1.97 

Glycerol. 

The  case  of  glycerol  among  the  non-electrolytes  is  particu- 
larly interesting,  in  that  it  shows  very  marked  hydration. 
This  would  be  indicated  by  the  large  molecular  lowerings  re- 
corded in  Table  XXII.,  and  curve  Fig.  I.,  and  is  obvious 
from  the  large  values  of  the  corrected  molecular  lowerings, 
V,  in  Table  XXIV. 

The  degree  of  the  hydration  is  shown  in  column  H,  Table 
XXIV.  We  are  impressed,  first,  by  the  large  number  of 
molecules  of  water  combined  with  i  molecule  of  the  glycerol, 
and,  second,  by  the  fact  that  the  complexity  of  the  hydrate 
increases  regularly  from  the  most  dilute  to  the  most  concen- 
trated solution  investigated.  The  hydrate  curve  for  glycerol 
is  given  in  Fig.  IV.,  where  the  abscissae  represent  concentra- 
tions and  the  ordinates  the  number  of  molecules  of  water 
combined  with  i  molecule  of  glycerol. 

Table  XXII. — Freezing-point  Measurements. 
Glycerol,  CsH5(OH)3  =  92.08. 

A 

m.  A.  — —. 

nt 

0.2  0.76  3.80 

0.4  1.65  4-12 

0.8  3.75  4.70 

1.2  6.00  5.00 

1.6  8.70  5.44 

2.0  12.00  6.00 

2.4  16.50  6.87 

2.8  21.00  7.50 

3.2  26.50  8.28 

3.6  36.00  10.00 
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Table  XXIII. — Specific  Gravities. 

ftt.  Wsol.         Wc3H6(OH)3.        WhoO.         Correction. 

Per  cent. 
0.2  25.2010  0.4600  24.7410  1.04 

0-4    25.3351    0.9200    24.4151     2.34 

0.8      25.8055     1.8400     23.9655      4.14 
1.2      26.2256     2.7600     23.4656      6.14 

1.6    26.6665    3.6800    22.9865    8.05 

2.0      27.0463     4.6000     22.4463     10.21 
2.4      27.4440     5.5200     21.9240     12.30 

2.8    27.8344    6.4400    21.3944    14-42 

3.2      28.1801     7.3600     20.8201     16.72 

2.6  28.5580         8.2800         20.2780         18.89 

Table  XXIV.— Hydrates. 

m.  I,.  -^.  Iv".  M.  H. 

m 

0.2  1.86  3.80  3.76  28.0  140.0 

0.4  1.86  4.12  4.03  30.1  75.2 

0.8  1.86  4.70  4.51  32.6  40.8 

1.2  1.86  5.00  4.70  33.5  28.0 

1.6  1.86  5.44  5.00  34.9  21.8 

2.0  1.86  6.00  5.40  36.4  18.2 

2.4  1.86  6.87  6.03  38.6  16. 1 

2.8  1.86  7.50  6.42  39.4  10.5 

3.2  1.86  8.28  7.30  41.4  12.9 

3.6  1.86  10.00  8. II  42.8  II. 9 

Ghicose. 

Turning  to  the  carbohydrates,  we  find  very  little  hydration 
shown  by  glucose.  The  freezing-point  lowerings  produced 
by  glucose  are  plotted  in  Fig.  III.  A  comparison  of  the  cor- 
rected molecular  lowerings,  V,  Table  XXVII.,  with  the 
theoretical  molecular  lowering,  L<,  of  the  same  table,  will 
show  that  in  the  more  concentrated  solutions  the  experimen- 
tal value  is  slightly  greater  than  the  theoretical.  The  differ- 
ence is  so  small  that  the  amount  of  hydration  shown  by  this 
substance  is  very  slight  indeed. 
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Fig.  III. 


Table  XXV. — Freezing-point  Measurements. 
Glucose,  C«H„0«  =  i8o. 


0,2 

0.3 
0.4 

0.5 
0.6 
0.7 
0.8 
0.9 


0.380 

0.574 
0.780 
1.023 
1.220 
1.430 
1.690 
1.930 


1.91 
1.91 

1-95 
2.04 
2.03 
2.04 
2. II 
2.14 


Hydrates  in  Solutions. 
Table  XXVI. — Specific  Gravities. 
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m. 

Wsol. 

WCgHioOs. 

Wh^o. 

Correction 
Per  cent. 

0.2 

25.2810 

0.9000 

24.3810 

2.48 

0-3 

25.4412 

1.3500 

24.0912 

3-64 

0.4 

25.6245 

1.8000 

23.8245 

4.70 

0.5 

25.8192 

2.2500 

23.5689 

5-72 

0.6 

25-9539 

2.7000 

23-2539 

6.98 

0.7 

26.1361 

3-1500 

22.9861 

8.06 

0.8 

26.2819 

3.6000 

22.6819 

9-27 

0.9 

26.4712 

4.0500 

22.4212 

10.32 

I.O 

26.5827 

4.5000 

22.0827 

11.67 

Table  XXV II. —Hydrates. 


0.2 

1.86 

1. 91 

1.86 

0-3 

1.86 

1. 91 

1.85 

0.4 

1.86 

1-95 

1.86 

0.5 

1.86 

2.04 

1.92 

0.6 

1.86 

2.03 

1.89 

0.7 

1.86 

2.04 

1.88 

0.8 

1.86 

2,11 

1. 91 

0.9 

1.86 

2.14 

1-93 

Fructose. 

Fructose,  unlike  glucose,  shows  considerable  hydration, 
especially  in  the  more  dilute  solutions.  The  complexity  of 
the  hydrates  is  seen  in  column  H,  Table  XXX.  Fructose, 
like  glycerol,  forms  hydrates  which  are  more  and  more  com- 
plex the  more  dilute  the  solution.  The  non-electrolytes  that 
form  hydrates  in  solution  thus  differ  from  those  of  the  elec- 
trolytes. The  complexity  of  the  latter  reaches  a  maximum 
at  a  definite  concentration  and  then  becomes  less  and  less, 
both  with  increase  in  the  dilution  and  with  increase  in  the 
concentration  of  the  solutions.  This  is  probably  connected 
in  some  way  with  the  fact  that  with  the  non-electrolytes  we 
have  only  molecules  present,  while  in  solutions  of  electrolytes 
we  have  both  molecules  and  ions  present.  The  curve  of  hy- 
drates for  fructose  is  given  in  Fig.  IV. 
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Fig.  IV. 


Table  XX VII I . — Freezing-point  Measurements. 
Fructose,  CgHi^Og  =  i8o. 


0.2 

0.3 
0.4 

0.5 
0.6 
0.7 
0.8 
0.9 
i.o 


0.384 
0.610 
0.830 
1.054 
1.265 
1-535 
1.765 
2.033 
2.300 


1.92 
2.03 
2.07 
2. II 
2. II 
2.19 
2.21 
2.26 
2.30 


Hydrates  in  Soluiioyis. 
Table  XXIX. — Specific  Gravities. 
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m. 

Wsol. 

WCsHisOg. 

Wh,o. 

Correction 
Per  cent. 

0.2 

25-3519 

0.9000 

24.4519 

2.19 

0.3 

25  5315 

1.3500 

24.1815 

3-27 

0.4 

25.7306 

1.8000 

23.9306 

4.28 

0-5 

25.8911 

2.2500 

23.6411 

5-44 

0.6 

26.0845 

2.7000 

23-3845 

6.46 

0.7 

26.1856 

3-1500 

23-0356 

7.86 

0.8 

26.4080 

3.6000 

22.8080 

8-77 

0.9 

26.5790 

4.0500 

22.5290 

8.88 

I.O 

26.7699 

4.5000 

22.2699 

10.92 

Tadle  XXX.— Hydrates. 


0.2 

1.86 

1.92 

1.88 

0.3 

1.86 

2.03 

1.96 

2.8 

14.0 

0.4 

1.86 

2.07 

1.98 

3-7 

9-2 

0.5 

1.86 

2. II 

2.00 

3-9 

7.8 

0.6 

1.86 

2. II 

1-99 

3-6 

6.0 

0.7 

1.86 

2.19 

2.02 

4-4 

6.3 

0.8 

I  86 

2.21 

2.02 

4.4 

5-5 

0.9 

1.86 

2.26 

2.04 

5-0 

5-5 

1.0 

1.86 

2.30 

2.05 

5-3 

5.3 

Mannite. 

Mannite,  on  the  other  hand,  has  very  little  power  to  com- 
bine with  water  at  any  of  the  dilutions  at  which  work  could 
be  done.  On  account  of  its  comparatively  slight  solubility, 
however,  we  could  not  work  at  any  considerable  concentra- 
tion. 

A  comparison  of  column  \J  with  column  ly,  Table  XXXIII., 
shows  that  this  substance  gives  molecular  lowerings  of  the 
freezing-point  of  water  that  are  only  slightly  greater  than  the 
theorerical  lowering.  Further,  there  is  no  apparent  regu- 
larity in  the  difierence  between  the  value  found  and  the  cal- 
culated value.     The  amount  of  hydration  is  so  slight  that  it 

A 
was  not  even  calculated.     The  values  of — ,  Table  XXXI., 

m 

for  this  substance  are  plotted  in  Fig.  III. 
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Table  XXXI. — Freezing-point  Measurements. 
Mannite,  CgHioOg  ==182. 


0.2 

0.400 

2.00 

0.3 

0.600 

2.00 

0.4 

0.800 

2.00 

0.5 

1-033 

2.07 

0.6 

1.234 

2.06 

0.7 

1.440 

2.06 

0.8 

1.700 

2.13 

Table  XXXII. —specific 

Gravities. 

m. 

Wsol. 

WC6H14O5. 

Wh,o. 

Correction 
Per  cent. 

0.2 

25.2628 

0.9100 

24.3528 

2-59 

0.3 

25.4320 

1-3650 

24.0670 

3-73 

0.4 

25-5747 

1.8200 

23-7547 

4-98 

0.5 

25-7431 

2.2750 

23.4681 

6-13 

0.6 

25-9235 

2.7300 

23-1935 

7-23 

0.7 

26.0495 

3-2350 

22.8145 

8-74 

0.8 

26.1478 

3.6400 

22.5078 

9-97 

Table  XXXIII.— Hydrates. 


!<. 


v. 


0.2 

1.86 

2.00 

T-95 

03 

1.86 

2.00 

1-93 

0.4 

1.86 

2.00 

1.90 

0.5 

1.86 

2.07 

1-95 

0.6 

1.86 

2.06 

1. 91 

0.7 

1.86 

2.06 

1.88 

0.8 

1.86 

2.13 

1.92 

Lactose. 
Lactose  not  only  shows  no  hydration,  but  the  corrected 
molecular  lowerings,  V,  Table  XXXVI.,  are  less  than  the 
theoretical  value  1.86.  This  would  indicate  a  certain  amount 
of  polymerization  in  the  solutions.  On  account  of  the  limi- 
ted solubility  of  lactose  we  could  not  study  concentrations 
greater  than  half-normal. 

The  molecular  lowerinsrs ,   Table  XXXIV. ,   found  for 

m 

lactose  are  plotted  in  a  curve,  Fig.  III. 
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Table  XXXIV. — Freezing-point  Measurements. 
Ivactose,  C,2H220ii  =  342.22. 


0.2 

0.3 
0.4 

0.5 

0.364 

0.574 
0.792 
1.030 

1.82 
1. 91 
1.98 
2.06 

Table  XXXV.— specific 

•  Gravities. 

m. 

Wsol.            WC12H02O11. 

WHjO. 

Correction 
Per  cent. 

0.2 

0.3 
0.4 

0.5 

25-5793             I. 7100 
25.8796            2.5650 
26.1958            3.4200 
26.5176            4-2750 

23.8693 
23.3146 
22.7758 
22.2426 

4-52 

6.74 

8.89 

11.03 

Table  XXXVI.— Hydrates. 


V. 


0.2 

1.86 

1.82 

1.74 

0.3 

1.86 

1. 91 

1.78 

0.4 

1.86 

1.98 

1.80 

0.5 

1.86 

2.06 

1.83 

Cane-Sugar. 

It  has  been  known  for  some  time  that  cane-sugar,  in  con- 
centrated solutions,  gives  molecular  lowerings  that  are  con- 
siderably greater  than  the  theoretical  value.  Arrhenius^  es- 
tablished this  fact  in  connection  with  his  early  work  on  the 
theory  of  electrolytic  dissociation.  We  determined  to  make 
a  comparatively  thorough  study  of  cane-sugar,  using  solu- 
tions much  more  concentrated  than  those  employed  by  Ar- 
rhenius.  We  found  that  we  could  work  to  a  concentration  of 
twice  normal.  The  freezing-point  lowerings  given  in  Table 
XXXVII.  are  plotted  in  Fig.  III. 

Cane-sugar  shows  very  considerable  hydration.  The  curve 
showing  the  complexity  of  the  hydrates  of  cane-sugar  is  given 
in  Fig.  IV. 

1  Ztschr.  phys.  Chem.,  a,  495  (1888). 
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Table  XXXVII. — Freezing-point  Measurements. 
Cane-Sugar,  C^jH^jOii- 


0.2 

0.404 

2.02 

0.4 

0.848 

2.12 

0.6 

1.345 

2.24 

0.8 

1.950 

2.44 

I.O 

2.662 

2.66 

1.2 

3.550 

2.96 

1.4 

4.612 

3.29 

1.6 

5.800 

3-62 

1.8 

7.230 

4.02 

2.0 

9.130 

4-57 

7a^/^  XXXVI II. —Specinc  Gravities 

m. 

Wsol. 

WciaHasOn. 

WhjO.         ( 

[Correction. 
Per  cent. 

0.2 

25-5904 

1. 7 100 

i 

23.8804 

4.48 

0.4 

26.2388 

3.4200 

: 

22.8188 

8.72 

0.6 

26.8635 

5.1300 

21.7335 

13.06 

0.8 

27.5078 

6.8400 

20.6678 

17-33 

1.0 

28.0680 

8.5500 

[9.5180 

21.93 

1.2 

28.6920 

10.2600 

[8.4320 

26.27 

1.4 

29.3441 

11.9700 

C7-374I 

30.50 

1.6 

29.8762 

13.6800 

[6.1962 

35.22 

1.8 

30.4824 

15.3900 

[5.0924 

39-63 

2.0 

31.1005 

17.1000 

[4.0005 

44.0 

Table  XXXIX.—. 

Hydrates. 

m. 

I.. 

M. 

H. 

0.2 

1.86 

2.02        I 

.93 

2.0 

10. 0 

0.4 

1.86 

2. 12        I 

.94 

2.3 

5-8 

0.6 

1.86 

2.24        I 

.95 

2-5 

4.2 

0.8 

1.86 

2.44        2 

.02 

4.4 

5.5 

1.0 

1.86 

2.66        2 

•07 

5.5 

5.5 

1.2 

1.86 

2.96        2 

.18 

8.1 

6.7     . 

1.4 

1.86 

3-29        2 

.29 

10.4 

7-4 

1.6 

1.86 

3.62        2 

•35 

II. 6 

7.2 

1.8 

1.86 

4.02        2 

•43 

13.0 

7.2 

2.0 

1.86 

4-57          2 

.56 

15.2 

7.6 

Organic  Acids. 
The  organic  acids  really  belong  in  the  class  of  the  electro- 
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lytes.  But  since  they  are,  generally  speaking,  weakly  dis- 
sociated compounds,  they  have  been  studied  as  a  class  by 
themselves.  Some  of  these  substances  contain  a  small 
amount  of  water  of  crystallization,  but,  generally,  they  crys- 
tallize either  without  water  or  with  only  a  small  amount. 

Five  organic  acids  have  thus  far  been  studied,  and  the  re- 
sults are  given  below.  The  symbols  in  the  following  tables 
have  exactly  the  same  significance  as  in  the  preceding.  Or- 
ganic acids  being  electrolytes,  their  conductivities  were  meas- 
ured. These  are  recorded  in  the  tables  headed  "  conduc- 
tivity measurements."  V  is  the  volume  of  the  solutions, /<v 
their  molecular  conductivities,  and  ot  their  dissociation. 

Acetic  Acid. 

Acetic  acid  being  soluble  in  water  in  all  proportions, 
we  worked  to  ten-normal  concentration.  Although  the  ob- 
served freezing-point  lowering  increased  with  the  concentra- 
tion, the  corrected  lowering  decreased  regularly  from  the 
most  dilute  to  the  most  concentrated  solution  studied. 

The  corrected  lowering  found  experimentally  was  less  than 
the  theoretical  lowering  at  all  concentrations  except  the  most 
dilute.  This  shows  that  acetic  acid  in  water  is  polymerized, 
and  that  the  amount  of  the  polymerization  is  greater  the  more 
concentrated  the  solution.  This  is  exactly  in  accord  with 
what  was  pointed  out  a  year  ago  by  Jones  and  Murray^  in 
their  investigation  on  the  effect  of  one  associated  liquid  on  the 
association  of  another  associated  liquid.  They  showed  that 
water — an  associated  liquid — diminishes  the  association  of 
acetic  acid — also  a  strongly  associated  liquid — and  that  the 
magnitude  of  this  effect  is  a  function  of  the  amount  of  water 
relative  to  the  amount  of  acetic  acid  present.  The  more  con- 
centrated the  solution  of  acetic  acid  the  greater  will  be  the 
complexit}^  of  its  molecules.  A  few  of  the  freezing-point  data 
for  acetic  acid  are  plotted  in  Fig,  V.  The  conductivities  of 
acetic  acid  are  perfectly  normal  and  are  plotted  in  Fig.  VI. 

Acetic  acid  shows  no  evidence  of  the  formation  of  hydrates 
except,  possibly,  in  the  most  dilute  solution  studied. 

1  This  Journal,  30,  193  (i903)- 
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QK,(OH)(COO}{)rKOy 


C^KUCOOHh 


l\A. 


>n  O.S 

Fig.  V. 


LQ 


A 


(COQKk 


C^^iOHUCOOKk 


CHXOOK 


Fig.  VI. 


Hydrates  in  Solutions.  331 

Table  XL. — Freezing-point  Measurements. 
Acetic  acid,  CH3.COOH. 


0.1 

0.210 

2.10 

0.5 

0.945 

1.89 

I.O 

1.908 

1. 91 

2.0 

4.000 

2.00 

3.0 

6.190 

2.06 

4.0 

8.260 

2.06 

5.0 

10.500 

2.10 

6.0 

13.000 

2.17 

7.0 

15.200 

2.17 

8.0 

18.000 

2.25 

lO.O 

24.000 

2.40 

Table  XLI.- 

-Conductivity  Measurements. 

Acetic  acid,  /^t,  = 

:  2.73. 

V. 

Mv. 

a. 

0.1 

0.04 

0.125 

0.07 

0.14 

O.IO 

0.16 

0.14 

0.20 

0.19 

0.25 

0.25 

0.33 

0.35 

0.1 

0.5 

0.52 

0,2 

1.0 

0.85 

0.3 

2.0 

1-33 

0.5 

lO.O 

3-07 

I.I 

Table  XLI I. —Specific 

Gravities. 

m. 

Wsol. 

WAcid. 

WH20. 

Correction, 
Per  cent. 

0.1 

24-9635 

0.1500 

24-8135 

0.75 

0.5 

25-0450 

0.7500 

24-2950 

2.82 

1.0 

25-1337 

1.5000 

23-6337 

5-47 

2.0 

25-3257 

3.0000 

22.3257 

10.70 

3-0 

25-5228 

4.5000 

21.0228 

15-91 

4.0 

25-7159 

6.0000 

19.7159 

21.14 

50 

25.8570 

7.5000 

18-3570 

26.57 

6.0 

26.0329 

9.0000 

17.0329 

31-87 

7.0 

26.1834 

10.5000 

15-6834 

37-27 

8.0 

26.2843 

12.0000 

14.2843 

42.86 

10. 0 

26.5551 

15.0000 

II-555I 

5378 
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Table  XLI II. —Hydrates. 


m. 

oc. 

J 

u. 

m 

V. 

O.I 

O.OIO 

1.89 

2.10 

2.08 

0.5 
I.O 
2.0 

0 
0 

005 
■003 

87 
86 
86 

1.89 
1. 91 
2.00 

1.84 
1.80 

1.78 

3-0 
4.0 

86 
86 

2.06 
2.06 

1-73 
1.63 

5-0 
6.0 
7.0 
8.0 

86 
86 
86 
86 

2.10 
2.17 
2.17 
2.25 

1-53 
1.48 

1.38 
1. 18 

10. 0 

Oxalii 

86 
:  Acid. 

2.40 

1. 10 

The  freezing-point  lowerings  produced  by  oxalic  acid  de- 
crease with  increase  in  concentration,  falling  below  the  theo- 
retical value  if  oxalic  acid  was  not  dissociated — Table  XLIV. 
Oxalic  acid  is,  however,  very  appreciably  dissociated,  as  is 
shown  in  Table  XI^V. 

When  the  corrected  molecular  lowering  V,  Table  XL VII., 
is  compared  with  the  molecular  lowering  L,  calculated  on  the 
basis  of  the  dissociation  of  the  acid  as  given  in  Table  XL^V., 
it  will  be  seen  that  the  value  found  experimentally  is  much 
less  than  the  calculated  value,  at  all  dilutions  studied.  This 
shows  that  oxalic  acid,  like  acetic  acid,  undergoes  polymeri- 
zation in  solution,  and  there  is  no  evidence  of  the  existence 
of  hydrates  in  such  solutions.  The  freezing-point  and  con- 
ductivity data  for  oxalic  acid  are  given  in  Figs.  V.  and  VI. 

Table  XLIV. — Freezing-point  Measurements. 
Oxalic  acid,  (COOH),. 


0.05 
0.1 
0.2 
0.4 


O.IOI 

0.207 

0.382 
0.725 


2.01 
2.07 

I.9I 
1. 81 
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Table  XL  V. — Conductivity  Measurements. 


Oxalic  acid,  /<oo°  - 

=  295. 

V. 

}^. 

ci. 

125 

55-4 

18.0 

1.67 

61.66 

22.0 

2-5 

73-75 

25.0 

5-0 

91.44 

31.0 

10. 0 

106.5 

36.0 

20.0 

117. 8 

39-0 

Table  XL  VI 

. — Specific 

Gravities. 

■m. 

Wsol. 

WAcid. 

WHoO. 

Correction, 
Per  cent. 

0.05 

24.9785 

0.1125 

24.8660 

0-54 

0.1 

25.0174 

0.2250 

24.7924 

0.83 

0.2 

25.1012 

0.4500 

24.6512 

1.40 

0.4 

25-2235 

0.9000 

24-3235 

2.71 

Table  XL  VIL— Hydrates, 
a.  L.  -^.  V. 


0.05 

0-39 

3-31 

2.01 

a. 00 

O.I 

0.36 

3.18 

2.07 

2.05 

0.2 

0.31 

3.01 

1. 91 

1.88 

0.4 

0.25 

2-79 
Siiccinic  Acid. 

1. 81 

1-75 

The  freezing-point  lowerings  of  succinic  acid  pass  through 
a  minimum  (Table  XLVIII.).  The  corrected  lowerings  of 
succinic  acid  al.so  pass  through  a  minimum  (ly',  Table  LI.)- 
If  the  corrected  lowerings  found  experimentally  be  compared 
with  the  lowerings  calculated  from  dissociation,  the  former 
will  be  seen  to  be  always  less  than  the  latter.  This  would 
show  that  succinic  acid,  like  oxalic  acid,  is  somewhat  poly- 
merized in  solution,  but  the  polymerization  is  less  than  in  the 
case  of  oxalic  acid. 

The  freezing-point  and  conductivit}'  data  for  succinic  acid 
are  plotted  in  curves.  Figs.  V.  and  VI. 
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Table  XL  VIII. — Freezing-point  Measurements. 
Succinic  acid,  C,H/COOH),. 


0.05 
0.1 

0.15 

0.2 

0.25 


O.IOO 

0.180 
0.260 
0.360 
0-475 


2.00 

1.80 

1-73 
1.80 
1.90 


Table  XLIX. — Conductivity  Measurements. 
Succinic  acid,  >uoo°  zn  209. 


a. 


2.5 

2-54 

1.2 

4.0 

3-46 

1.6 

5.0 

3.94 

1-9 

6.7 

4-54 

2.1 

10,0 

5-33 

2-5 

20.0 

7-30 

3-5 

Table  L. 

— Specific 

Gravities. 

m. 

Wsol. 

WAcid. 

WHsO. 

Correction 
Per  cent. 

0.05 

24-9731 

0.1475 

24.8256 

0.70 

O.IO 

25-0379 

0.2950 

24.7429 

1.03 

0.15 

25.0625 

0.4425 

24.6200 

1.44 

0.20 

25.0839 

0.5900 

24-4939 

2.02 

0.25 

25.1448 

0.7375 

24.4073 

2.37 

0.40 

25.2518 

I. 1800 

24.0718 

3-71 

Table  LI. — Hydrates. 


L. 


V. 


0.05 

0-035 

1.99 

2.00 

1.99 

O.IO 

0.025 

1-95 

1.80 

1.78 

0.15 

0.021 

1.94 

1-73 

1. 71 

0.20 

0.019 

1-93 

1.80 

1-74 

0.25 

0.016 

1.92 
Tartaric  Acid. 

1.90 

1-83 

There  is  a  well-defined  minimum  in  the  molecular  lower- 
A 
ings,  — ,  of  tartaric  acid.     This  is  seen  in  Table  LII.,  and 


in  Fig.  V.     The  minimum  also  appears  in  column  V,  Table 
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lyV.,  which  is  the  molecular  lowerings  corrected  for  specific 
gravities. 

The  corrected  molecular  lowerings  for  tartaric  acid  are  very 
nearly  identical  with  the  molecular  lowerings  calculated  from 
the  dissociation,  ly,  Table  LV.  This  is  true  for  all  of  the  di- 
lutions studied.  Tartaric  acid  is,  then,  an  example  of  a  com- 
pound which  undergoes  neither  polymerization  nor  hydration 
in  solution. 

The  conductivities  of  tartaric  acid  are  perfectly  normal,  as 
shown  by  the  curve  in  Fig.  VI. 

Table  LII. — Freezing-point  Measurements. 
Tartaric  acid,  C,H,(OH),(COOH),. 

m.  A.  . 


0.05 

O.III 

2.22 

O.I 

0.217 

2.17 

0.2 

0.425 

2.13 

0.4 

0.826 

2.06 

0.6 

1.230 

2.05 

0.8 

1.680 

2.10 

I.O 

2.150 

2.15 

Table  LI II. — Conductivity 

Measurements. 

Tartaric  acid,  //qo° 

=  300. 

V. 

f^v. 

oc. 

1.0 

5-76 

1-9 

1.25 

6.69 

2.2 

1.67 

8.02 

2.7 

2.5 

10.13 

3-4 

5-0 

14-34 

4.8 

lO.O 

20.54 

6.5 

20.0 

28.05 

9-5 

Table  LIV. 

— Specific 

Gravities. 

fn. 

Wsol. 

WAcid. 

WhoO. 

Correction. 
Per  cent. 

0.05 

25.0124 

0.1875 

24.8249 

0.70 

O.I 

25-0973 

0.3750 

24.7223 

I. II 

0.2 

25-2584 

0.7500 

24.5084 

1.97 

0.4 

25-5930 

1 .  5000 

24.0930 

3-63 

0.6 

25.9172 

2.2500 

23.6672 

5-33 

0.8 

26.3938 

3.0000 

23.3938 

6.42 

1.0 

26.5651 

3-7500 

22.8151 

8.74 
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Table  L  V. — Hydrates, 


0.05 

0.094 

2.22 

2.22 

2.20 

O.I 

0,065 

2,10 

2.17 

2.15 

0.2 

0.048 

2.04 

2.13 

2.09 

0.4 

0.034 

1.99 

2.06 

1.99 

0.6 

0.027 

1.96 

2.05 

1.94 

0.8 

0.022 

1.94 

2.10 

1.97 

I.O 

0.019 

1-93 

2.15 

1.96 

Citric  Acid. 

Column 

A 

,  Table  : 

r.vi. 

,  shows  a 

well-defined  mil 

m 

in  the  molecular  freezing-point  lowerings  of  citric  acid.  This 
is  seen  in  the  citric  acid  curve,  Fig.  V.,  and  in  the  corrected 
molecular  lowerings  for  citric  acid,  L',  Table  lylX.  Citric 
acid  is  another  example  of  a  compound  that  shows  neither 
polymerization  nor  hydration  in  solution.  The  corrected  ex- 
perimental values  in  column  \J  agree  closely  with  the  values 
calculated  from  the  dissociation  of  the  acid,  as  given  in  col- 
umn L,  Table  I^IX. 

The  conductivity  curve  of  citric  acid  is  of  the  same  nature 
and  magnitude  as  that  of  the  other  organic  acids  which  we 
studied  with  the  exception  of  oxalic  acid,  which  has  a  much 
larger  conductivity. 

Table  L  VI. — Freezing-point  Measurements. 
Citric  acid,  C,H,(OH)(COOH)3.H30. 


0.05  0.107  2.14 

0.1  0.207  2.07 

0.2  0418  2.09 

0.4  0.830  2.07 

0.6  1-253  2.09 

0.8  1-707  2.13 

1.0  2.230  2.30 
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Table  L  VII. — Conductivity  Measurements . 

Citric  acid,  yuoo  °  =:  630. 

v.                                     t^v.  a. 

i.o                                   4.23  0.7 

1-25                                  5-33  0.8 

1.67                                  6.99  I.I 

2.5                                     7-49  1.3 

5-0                                  13-04  2.0 

10. o                                  17.6  2.8 

20.0                                 24.2  3.8 

Table  L  VIII. — Specific  Gravities. 

m.                 Wsol.             WAcid.              WhoO.  Correction. 

Per  cent. 

0.05              24.8406            0.2625            24.5781  1.69 

O.I     25.1212    0.5250    24.5962  1. 61 

0.2       25.2869     1.0500     24.2369  3.05 

0.4       25.8255     2.1000     23.7255  5.10 

0.6       26.0707     3-1500     22.9207  8.32 

o.S             26.4768         4.2000         22.2768  9.89 

1.0            26.8365         5-2500         21.5865  13.65 

Table  LIX.— Hydrates. 

A 

m.                          a,                          L.                        .  L'. 


0.05 

0.038 

2.07 

2.14 

2.10 

O.I 

0.020 

2.02 

2.07 

2.04 

0.2 

0.020 

1.97 

2.09 

2.03 

0.4 

0.013 

1-93 

2.07 

1.97 

0.6 

O.OII 

1.92 

2.09 

1.92 

0.8 

0.008 

1.90 

2.13 

1.92 

1.0 

0.007 

1.89 

2.30 

1.99 

General  Conclusions. 

1.  Of  the  thirteen  non-electrolytes  studied  in  this  investi- 
gation only  glycerol  showed  any  marked  hydration  or  power 
to  combine  with  the  solvent.  Glycerol  combines  with  water 
to  about  the  same  extent  as  the  ternar)^  or  even  some  of  the 
quaternary  electrolytes. 

2.  Cane-sugar  and  fructose  also  show  considerable  power  to 
combine  with  water,  but  this  is  not  even  of  the  same  order  of 
magnitude  as  that  shown  by  glycerine. 
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3.  Methyl  and  ethyl  alcohol  also  show  some  slight  power 
to  combine  with  water  in  solution. 

4.  A  number  of  the  non- electrolytes  studied  show  a  marked 
tendency  to  undergo  polymerization  in  the  presence  of  water. 

5.  The  fact  that  certain  non-electrolytes  combine  with 
water,  forming  hydrates,  shows  that  molecules  as  well  as  ions 
can  form  hydrates,  and  leaves  it  an  open  question  as  to 
whether  it  is  the  molecules  or  the  ions  that  combine  with 
water  in  the  case  of  the  electrolytes. 

6.  None  of  the  organic  acids  studied  in  this  investigation 
show  any  appreciable  tendency  to  combine  with  water  in  solu- 
tion. 

7.  Some  of  the  organic  acids  show  a  marked  tendency  to 
undergo  polymerization  in  aqueous  solution. 

Chemical  Laboratory, 

Johns  Hopkins  Univ., 

May,  1904. 


THE    EXISTENCE    OF   ALCOHOLATES    IN    SOLU- 
TIONS   OF    CERTAIN    EEECTROLYTES    IN 
ALCOHOL. 

By  Harry  C.  Jones  and  Frederick  H.  Gbtman  (Carnegie  Research 

assistant). 

Having  found  that  such  a  large  number  of  electrolytes^  and 
and  some  non-electrolytes'*  combine  with  water  in  aqueous 
solution,  we  naturally  turned  our  attention  to  solutions  in  sol- 
vents other  than  water.  A  careful  study  of  some  work  that 
we  had  already  done'  in  ethyl  alcohol  as  the  solvent,  using 
the  boiling-point  method,  would  indicate  that  certain  elec- 
trolytes combine  with  alcohol  when  in  solution  in  that  sol- 
vent. An  examination  of  the  curves*  will  show  that  the 
molecular  rise  produced  by  the  five  electrolytes  there  studied 
— sodium  bromide,  cadmium  iodide,  potassium  iodide,  ammo- 
nium iodide,  and  sodium  iodide — is  greater  at  some  dilution 
than  the  theoretical  molecular  rise  in  ethyl  alcohol.  Like  the 
large  values  found  for  freezing-point  lowering,  this  indicates 

1  Ztschr.   phj-s.  Chem.,  46,  244;  Phys.   Rev.,   18,   146;   This  Journal,  31,  303. 
»  This  Journal,  33,  30S. 
^  Ibid.,  31,  338. 
*  Ibid.,  31,  342. 
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that  a  part  of  the  solvent  is  combined  with  the  dissolved  sub- 
stance. 

To  test  this  matter  still  further,  other  electrolytes  have 
been  employed  and  the  molecular  rise  produced  by  them  care- 
fully measured,  using  the  Jones  boiling-point  apparatus/ 
The  results  of  these  measurements  are  given  below  :  m  is  the 
concentration    in   terms  of   gram-molecules  of  salt  in   1,000 

grams  of  solvent,  p  the  observed  rise  in  boiling-point,  and  — 

tn 

the  molecular  rise  in  the  boiling-point. 

Table  I. — LiCl  in  Ethyl  Alcohol.     First  Series. 

P 
m.  p.  -^— . 

m 

0.07  0.09  1.28 

0.22  0.30  1.37 

0.28  0.40  1.43 

0.39  0-565  1-45 

0.64  0.98  1.53 

0.77  1.23  1.58 

0.815  1.30  1.59 

1.92  1-53  -66 

1.09  1.885  1-73 

1.28  2.410  1.89 

1. 51.  3.03  2.00 

1.63  3-435  2.10 

1.77  3.79  2.14 

2.07  5.03  2.43 

Table  II. — LiCl  in  Ethyl  Alcohol.     Second  Series. 

P 
tn.  p.  . 

0.07  0.09  1.28 

0.19  0.255  1-34 

0.31  0.44  1.42 

0,44  0.65  1.48 

0.59  0.91  1.54 

0.73  I-I45  1-57 

0.94  1.59  1-69 

I. 15  2.10  1.82 

1.46  2.95  2.02 

1.62  3.42  2. II 

1  This  Journal,  19,  581. 
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m. 

0.08 
0.13 
0.19 
0-35 
0.39 
0.51 
0.84 
1. 21 
1.46 


m. 

0.06 
0.09 
0.18 
0.27 
0.38 
0.48 
0.58 
0.71 

0.95 
1.27 
1.46 
1.67 

Table  V, — Ca{NO^^in  Ethyl  Alcohol.     First  Series. 

P.  ^. 

m 


Ethyl  Alcohol. 

First  Series. 

p 

P- 

m  ' 

O.II 

1.38 

0.17 

1.30 

0.25 

I-3I 

0.47 

1-34 

0.54 

1.38 

0.71 

1-39 

1. 21 

1.44 

1.87 

1.54 

2.34 

i.6o- 

Ithyl  Alcohol. 

Second  Series. 

P^ 

P' 

m' 

0.085 

1.42 

0.120 

1-33 

0.234 

1.30 

0.355 

1. 31 

0.515 

1.36 

0.655 

1.36 

0.810 

1.40 

1. 010 

1.42 

1-415 

•1.48 

2.010 

1.58 

2.385 

1.63 

2.770 

1.65 

m. 


0.03  0.04  1.33 

0.08  o.io  1.25 

0.14  0.17  1. 21 

0.19  0.22  1. 16 

0.26  0.295  I-I3 

0.37  0.42  1. 13 

0.47  0.515  1.09 

0.57  0.62  i.oS 

0.74  0.81  1.09 

0.83  0.91  1.09 
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Table  VI.—Ca{NO,)^  in  Ethyl  Alcohol.     Second  Series. 

m.  p.  JL.^ 

m 

0.06  0.08  1.33 

0.14  0.17  1. 21 

1. 16 


0.21 
0.30 
0.37 
0.45 
0.66 


0.21 

0.34 
0.40 
0.50 
0.71 


I-I3 
1.09 
I. II 
1.08 


The  molecular  rise  in  the  boiling-point  of  ethyl  alcohol  pro- 
duced by  lithium  chloride  and  nitrate  is  greater  at  practically 
all  the  concentrations  studied  than  would  be  calculated  from 


its  dissociation.     Calcium  nitrate  fulfils  this  same  condition 
in  dilute  solutions,  but  not  in  concentrated. 
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The  results  recorded  in  Tables  I.  to  VI.  are  plotted  as 
curves,  Fig.  I.  The  abscissa  represents  concentration  and 
the  ordinate  molecular  rise  in  boiling-point.  The  curves  for 
the  two  salts  of  lithium  rise  rapidly  with  increasing  concen- 
tration, being  at  practically  all  concentrations  above  the  cal- 
culated curve. 

The  curve  for  calcium  nitrate  in  the  more  dilute  solutions 
rises  above  the  theoretical  curve,  but  rapidly  drops  to  a  value 
agreeing  closely  with  it. 

We  interpret  these  results  in  ethyl  alcohol,  obtained  by  the 
boiling-point  method,  in  the  same  way  that  we  interpreted 
the  abnormal  freezing-point  lowerings  in  water. 

The  dissolved  substance  probably  combines  wi;.h  a  portion 
of  the  alcohol,  removing  it  from  the  field  of  action  as  far  as 
rise  in  boiling-point  is  concerned.  There  being,  therefore, 
less  alcohol  present  acting  as  solvent,  the  rise  in  the  boiling- 
point  is  greater  than  we  would  expect  from  the  amount  of 
dissolved  substance  present. 

As  far  as  the  formation  of  alcoholates  in  solution  is  con- 
cerned, this  is,  of  course,  purely  qualitative.  We  hope,  how- 
ever, in  the  near  future,  to  be  able  to  obtain  the  data  necessary 
to  calculate  quantitatively  the  approximate  composition  of  the 
alcoholates  in  such  solutions,  just  as  we  have  already  calcu- 
lated the  composition  of  the  hydrates  in  aqueous  solutions  of 
a  large  number  of  electrolytes  and  a  few  non-electrolytes. 

A  further  study  of  aqueous  solutions,  together  with  solu- 
tions in  the  alcohols  and  other  solvents,  will  be  made  as 
rapidly  as  possible. 

Chemical  Laboratory, 

Johns  Hopkins  Univ., 

May,  1904. 


Contributions  from  the  Sheffield  Laboratory  of  Yale  University. 

CXIX.— RESEARCHES    ON    PYRIMIDINES :    2-OXY- 

4,6-DIAMINOPYRIMIDINE.' 

[seventh  paper.] 

By  Henry  L.  Wheeler  and  George  S.  Jamieson. 

In  this  paper  we  describe  a  number  of  pyrimidines  derived 
from  2-thiobarbituric  acid.     Our  chief  object  in  investigating 

1  Part  of  a  thesis  presented  by  Mr.  G.  S.  Jamieson  for  the  degree  of  Doctor  of 
Philosophy,  Yale  University,  1904. 
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these  compounds  was  to  prepare   2-0x7-4, 6-diaminopyrimi- 
line. 

Kutscher^  believes  he  obtained  an  oxydiaminopyrimidine 
fmm  yeast  nucleic  acid,  the  acid  having  been  decomposed  by 
su'phuric  acid  at  a  high  temperature  and  under  pressure. 
He  considers  the  substance  as  differing  from  cytosine  inas- 
much as  a  hydrogen  atom  is  replaced  by  an  amino  group. 

It  may  be  added  that  since  the  pyrimidine  derivatives 
hitherto  obtained  from  nucleic  acids  have  an  oxygen  atom  in 
the  2-position,  for  example,  uracil,  thymine,  and  cytosine,  it 
is  probable  that  a  diamino  derivative  would  be  similarly  con- 
stituted. This  being  the  case,  there  are  only  two  oxydiamino- 
pyrimidines  that  fulfil  these  conditions,  namely,  2-oxy-4,6- 
diaminopyrimidine  (I.)  and  2-oxy-5,6-diaminopyrimidine 
(11.)  : 

N C— NH,  N C— NH, 

II  II 

OC  CH  OC  C— NH, 

I  II  I  II 

HN C— NH,  HN CH 

I.  II. 

Our  first  attempts  to  prepare  the  oxydiaminopyrimidine 
represented  by  Formula  I.  were  as  follows  :  2-Thiobarbituric 
acid  (III.)  was  prepared  by  the  method  of  Michael."  It  was 
found  that  this  substance  could  be  converted  into  2-methyl- 
mercapto-4,6-dioxyp5'rimidine  (IV.)  by  means  of  sodium 
ethylate  and  methyl  iodide  in  alcoholic  solution  : 

HN CO  HN CO  N CCl 


sc 

1 

HN — 

CH,    --     CHjSC 

1                            II 
— CO                        N — 

CH,     ^     CH,SC 

1                             II 
—CO                       N— 

CH 

II 
— CCl 

III.  IV.  V. 

When  the  mercapto  derivative  (IV.)  was  heated  on  the 
steam-bath  with  2  molecular  proportions  of  phosphorus  penta- 
chloride,  it  was  converted  into  2-methylmercapto-4,6-dichlor- 
pyrimidine  (V.).     The  reaction  was  not  smooth  and  a  con- 

1  Ztschr.  physiol.  Chem.,  38,  176  (1903)- 

2  J.  prakt  Chem.,  35,  456  (1887)  ;  49,  38  (1894). 
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siderable  amount  of  decomposition-products  was  always  ob- 
tained. It  was  later  observed  that  the  dichloride  could  be 
obtained  more  smoothly  by  using  phosphorus  oxychloride  in- 
stead of  the  pentachloride. 

When  the  dichloride  was  heated  with  alcoholic  ammonia  it 
was  found  that  only  one  chlorine  atom  was  easily  removed 
and  2-mercapto-5-chlorcytosine  (VI.)  was  formed.  This  took 
place  at  temperatures  ranging  from  125°  to  about  190°.  Even 
below  the  latter  temperature  mercaptan  was  evolved,  and 
above  190°  2,4,6-triaminopyrimidine  (VIII.),  which  has  been 
described  by  Gabriel,^  was  obtained.  There  seemed  to  be 
little  tendency  for  the  two  chlorine  atoms  to  react  without 
also  displacing  the  mercapto  group. 

The  2-mercapto-4-chlorcytosine  was  then  converted  into 
4-chlorcytosine  (VII.)  by  boiling  with  hydrochloric  acid. 
When  this  was  heated  with  alcoholic  ammonia  a  reaction  took 
place,  but  the  chief  product  was  not  the  desired  2-oxy-4,6- 
aminopyrimidine : 

N C— NH,  N C-NH, 

II  II 

CH3SC  CH  --  OC  CH  ►^ 

II  II  I  II 

N CCl  HN -CCl 

VI.  VII. 

N C— NH, 

I  I 
H,N— C           CH 

II  li 

N C'-NH, 

VIII. 

It  was  finally  found  that  2-oxy-4,6-diaminopyrimidine 
could  easily  be  prepared  from  2-thio-4,6-diaminopyrimidine 
(IX.)  which  Traube^  has  recently  obtained  by  condensing 
malonic  nitrile  with  thiourea.  This  substance  united  smoothly 
with  methyl  iodide  and  the  resulting  mercapto  derivative  (X.) 
formed  on  treating  the  addition-product  with  ammonia,  on 
carefully  boiling  with  hydrochloric  acid,  gave  the  2-oxy-4,6- 
diaminop^'rimidine  (I.)  : 

1  Ber.  d.  chem.  Ges.,  34,  3364. 

2  Ann.  Chem.  (Liebig),  331,  80  (1904). 
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N==C— NH,  N C— NH,         HN CO 

II  II  II 

SC  CH  ►-  CH3SC  CH  ^    OC  CH, 

I  II  II  II  II 

HN C— NH,  N C— NH3  HN CO 

IX.  X.  XI. 

It  was  then  found  that  if  the  warming  with  hydrochloric  acid 
was  continued  for  more  than  a  short  time  on  the  steam-bath 
the  2-oxy-4,6-diaminopyrimidine  was  completely  converted 
into  barbituric  acid  (XI.).  It  is  therefore  obvious,  from  the 
readiness  with  which  this  compound  is  decomposed  by  hydro- 
chloric acid,  that  it  is  not  identical  with  Kutscher's  new  base. 
If  the  latter  is  an  oxydiaminopyrimidine  it  probably  is  2-oxy- 
5,6-diaminopyrimidine. 

EXPERIMENTAL  PART. 
2- 77!Z(?^fl!r(5zVwrzV  a«^  was  prepared  according  to  Michael's^ 
directions,  by  the  condensation  of  sodium  ethyl  malonate  with 
thiourea  in  absolute  alcoholic  solution.  Twenty-five  grams 
of  ethyl  malonate  gave  20  grams  of  crude  sodium  thiobarbitu- 
rate.  From  this  a  yield  of  12  grams  of  acid  was  obtained. 
It  was  found  that  if  instead  of  the  calculated  quantity  of  sodium 
ethylate  two  molecular  proportions  were  used  a  larger  yield  of 
the  acid  resulted.  For  example,  in  two  experiments,  using 
25  grams  of  ethyl  malonate,  27  grams  of  sodium  thiobarbitu- 
rate  were  obtained  ;  in  three  other  cases,  using  the  same  pro- 
portions, 28  grams  of  salt  separated,  the  yield  of  thiobar- 
bituric  acid  in  each  case  being  16.5  grams. 

HN CO 

I  I 
2-Methylmercaptobarbituric    Add,    CH3SC          CH^. The 

II  I 
N CO 

best  yield  of  this  substance  was  obtained  when  12  grams  of 
thiobarbituric  acid  were  added  to  a  cold,  absolute  alcoholic 
solution  of  1.9  grams  of  sodium,  then  15  grams  of  methyl 
iodide  were  added  and  the  solution  was  not  allowed  to  warm. 
The  reaction  was  complete  in  two  days.     The   alcohol  and 

1  J.  prakt.  Chem.,  35,  456  (1887)  ;  49,  38  (1894). 
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excess  of  methyl  iodide  were  then  evaporated  and  the  residue 
was  treated  with  water  and  acidified  with  acetic  acid.  The 
precipitate  was  filtered,  washed  with  water,  absolute  alcohol, 
and  ether.  A  yield  of  8.6  grams  of  sodium-free  material  was 
obtained.  In  another  experiment,  40  grams  of  acid  gave  2.5 
grams  of  the  mercapto  derivative,  the  usual  yield  being  be- 
tween 53  and  66  per  cent  of  the  calculated.  Attempts  to 
methylate  thiobarbituric  acid  by  other  methods,  such  as  by 
direct  addition  of  methyl  iodide,  or  by  the  action  in  alcoholic 
ammonia,  or  in  aqueous  solution  and  in  the  presence  of  alkali, 
either  failed  entirely  or  did  not  give  as  satisfactory  results  as 
the  above  method. 

The  2-methylmercaptobarbituric  acid  crystallized  from 
water  in  needles.  It  is  sparingly  soluble  in  hot  water  and 
less  soluble  in  alcohol.  It  did  not  melt  at  300°,  but  gradually 
turned  a  light-brown.     A  nitrogen  determination  gave  : 

Calculated  for 
C5H6O2N2S.  Found. 

N  17-72  17-87 

N CCl 

I  I 
2-Methylinercapto-4,6-dtchlorpyrimtdine,  CHjSC           CH.  — 

II  II 

N CCl 

Four  grams  of  the  above  2-methylmercaptobarbituric  acid 
were  heated  with  9  grams  of  phosphorus  pentachloride  on  the 
steam-bath.  When  the  evolution  of  hydrogen  chloride  ceased 
the  dark-red  solution  was  cooled  and  treated  with  crushed  ice. 
The  dichloride  was  then  shaken  out  with  ether,  the  ethereal 
solution  dried  over  calcium  chloride,  evaporated,  and  the 
residue  distilled  at  28  mm.  pressure,  whereupon  2.5  grams  of 
colorless  oil  were  obtained,  boiling  at  154°,  this  being  a 
yield  of  50.2  per  cent  of  the  calculated.  In  two  other  experi- 
ments with  phosphorus  pentachloride,  using  in  each  case  8 
grams  of  the  methylmercaptobarbituric  acid,  3  grams  and  3.7 
grams  of  dichloride  were  obtained.  Both  specimens  boiled  at 
135°  to  136°  at  14  mm.  pressure.  The  oil  thus  obtained 
solidified  in  the  form  of  table-like  prisms,  which  melted  at 
41°  to  42°.     When  phosphorus  oxychloride  was  used  instead 
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of  the  pentachloride,  the  remaining  treatment  being  the  same, 
the  dichloride  was  directly  obtained  in  the  crystalline  condi- 
tion, it  being  unnecessar}'  to  distil  under  reduced  pressure. 
The  material  from  the  ethereal  solution  was  purified  by  recrys- 
tallizing  from  a  little  alcohol.  It  then  formed  stout,  pointed 
prisms  and  the  melting-point  was  not  altered.  It  is  very  sol- 
uble in  ether,  alcohol,  and  petroleum  ether.  In  two  experi- 
ments, using  5  grams  of  the  methylmercaptobarbituric  acid, 
3.3  grams  and  3.4  grams  of  the  dichloride  were  obtained. 
The  yield  by  the  action  of  either  the  pentachloride  or  the  oxy- 
chloride  of  phosphorus,  especially  in  large  quantities,  was 
found  to  be  very  irregular.     A  nitrogen  determination  gave  : 

Calculated  for 
C5H4NJSCI2.  Found. 

N  14-36  14-76 

2-Methylm.ercapto-4.-chlor-6-aminopyrimidine, 
N^=C— NH, 

I  I 

CH3SC  CH         .—Two  and  a  half  grams  of  the  2-methyl- 

II  II 
N CCl 

mercapto-4,6-dichlorpyrimidine  were  heated  in  a  sealed  tube 
with  about  75  cc.  of  alcoholic  ammonia  for  four  hours  at  125° 
to  126°.  On  cooling,  the  ammonium  chloride  which  had 
separated  was  filtered  and  the  filtrate  evaporated.  The  resi- 
due was  purified  by  recrystallizing  from  water,  in  which  it 
was  difficultly  soluble.  It  crystallized  in  colorless,  needle- 
like prisms,  which  melted  at  127°  to  128°  to  a  colorless  liquid. 
A  yield  of  1.5  grams  of  purified  material  was  obtained.  Four 
other  experiments  gave  the  following  yields  : 


Chloride. 
Grams. 

Monoamine. 
Grams. 

3-0 
3.2 

3-3 

2.6 
2.2 

2-7 
2.6 

nitrogen  determination  gave  : 

N 

Calculated  for 
CbHsNsSCI. 

23-93 

Found. 
24.04 
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Action  of  Alcoholic  Ammonia. — This  chloraminopyrimidine 
(i.i  grams)  was  heated  with  about  75  cc.  of  alcoholic  ammo- 
nia (alcohol  saturated  with  dry  ammonia  at  0°)  at  145°  for 
three  hours  and  then  for  two  hours  at  150°,  whereupon  the 
material  was  recovered  completely  unaltered.  The  i.i  grams 
of  substance  were  reheated  with  the  same  volume  of  fresh  alco- 
holic ammonia  at  170°  for  two  hours,  and  then  at  190°  for  a 
half  hour  ;  0.7  gram  of  unaltered  material  was  obtained. 

Two  and  four-tenths  grams  of  the  chloraminopyrimidine 
were  heated  with  alcoholic  ammonia  for  two  hours  at  185°  to 
190°,  and  four  hours  at  215°  to  220°.  On  opening  the  tube 
the  alcohol  was  found  to  be  saturated  with  mercaptan.  A 
considerable  amount  of  a  light-yellow  precipitate  had  separa- 
ted from  the  alcohol.  This  was  filtered,  washed  with  alco- 
hol and  then  with  water.  It  melted  at  about  234°  to  240°  and 
it  gave  an  alkaline  reaction  to  turmeric  paper.  It  contained 
neither  sulphur  nor  chlorine  and  was  found  to  be  2,4,6-tri- 
aminopyrimidine,  which  has  been  described  by  Gabriel.^ 

N=C— NH, 

I  I 

4-Chlorcyiosine,  OC  CH         . — This  was  obtained  bv 

I  II 

HN CCl 

boiling  0.5  gram  of  the  above  mercapto  derivative  with  con- 
centrated hydrochloric  acid.  Mercaptan  was  readily  evolved 
and  upon  evaporating  the  solution,  4-chlorcytosine  hydrochlo- 
ride was  obtained.  This  crystallized  from  hot  water  in  balls 
of  very  small,  slender,  hard  prisms  or  needles.  From  dilute 
aqueous  solutions  of  this  salt,  ammonia  precipitates  a  crop  of 
flat,  colorless  prisms  ;  from  more  concentrated  solutions  the 
base  separates  as  a  jelly  resembling  thick  starch  paste,  which 
is  difficult  to  filter.  When  dried  on  paper  it  adheres  strongly 
to  the  fiber.  It  is  fairly  soluble  in  water  and  it  does  not  melt 
at  300°,  although  it  sinters  and  gradually  turns  red.  A  nitro- 
gen determination  gave  : 

Calculated  for 
C4H4ON3CI.  Found. 

N  28.86  28.73 

1  Ber.  d.  chem.  Ges.,  34,  3364. 
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The  chlorine  in  this  compound  is  very  firmly  bound.  It 
was  not  removed  by  tin  and  hydrochloric  acid,  or  by  red  phos- 
phorus and  hydriodic  acid. 

When  1.5  grams  of  this  material  were  heated  with  alcoholic 
ammonia  at  183°  for  two  hours  0.95  gram  of  substance  insol- 
uble in  alcoholic  ammonia  was  formed.  It  was  diff'cu'tly' sol- 
uble in  water ;  if  the  solution  was  cooled  rapidly,  very  small 
crystals  were  obtained;  if  slowly  cooled,  lit'tlo  '  "b^alh  were, 
formed.  This  substance  did  not  melt  at  307°.  It  was  free 
from  chlorine  and  a  nitrogen  determination  gave' only  24.9 
per  cent  nitrogen.  It  was  not  identified,  since  two  attempts 
to  prepare  the  compound  failed  on  account  of  the  explosion  of 
the  sealed  tubes  and  no  time  was  available  to  repeat  the  work. 

2-Methylinercapto-4.,6-dianiinopyrimidine^ 
N=z:C— NH, 

I  I 

CH5SC  CH         . — Malonic  nitrile  and  thiourea  were  con- 

II  II 

N C— NH, 

densed  according  to  Traube's^  directions  in  an  alcoholic  solu- 
tion with  sodium  ethylate.  Two  grams  of  the  2-thio-4,6-di- 
aminopyrimidine  were  moistened  with  alcohol  and  2.2  grams 
of  methyl  iodide  were  added.  The  mixture  stood  two  hours 
without  change.  Suddenly,  heat  was  evolved  and  the  solution 
solidified.  The  alcohol  was  evaporated  and  the  residue  was 
dissolved  in  water.  Ammonia  then  precipitated  2.2  grams  of 
colorless  crystalline  material.  This  was  quite  soluble  in  hot 
water,  from  which,  on  cooling,  it  separated  in  the  form  of 
slender  prisms.  It  melted  at  185°  to  186''  with  a  little  effer- 
vescence, and  a  nitrogen  determination  gave  : 

Calculated  for 

CeHgNiS.  Found. 

N  35.89  35.94 

N C— NH, 

I  I 

2'Oxv-4,6-diaminopvrtniidine,  OC  CH         . — One  gram 

I  II 

HN C— NH, 

1  Ann.  Chem.  (Liebig),  331,  60  (190^). 
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of  the  2-methylmercapto-4,6-diaminopyrimidine  was  evapora- 
ted twice  with  about  20  cc.  of  concentrated  hydrochloric  acid 
on  the  steam-bath.  Methylmercaptan  was  evolved  and  the 
residue  crystallized  from  water.  The  monohydrochlo- 
ride  which  separated  formed  long,  slender  prisms  which  did 
not  melt  at  307°.  This  salt  was  dissolved  in  water  and  an 
excess  01  ammonium  hydroxide  was  added,  whereupon  a  fine 
cryst-^Uiae  meal  was  precipitated.  It  was  difficultly  soluble 
ill  hot  water,  and  it  separated  as  slender,  rectangular,  anhy- 
(irgnvs,,p,risms.  When  the  material  was  heated  it  became 
gradually  yellow  at  about  297°  and  remained  a  dry,  yellow 
powder  at  347°.     A  nitrogen  determination  gave  : 

Calculated  for 

C4H«ON4.  Found. 

N  44-44  44-82 

The  picraie  separated  from  hot  water  when  slowly  cooled  in 
the  form  of  thin  tables.  If  rapidly  cooled  it  formed  bunches 
of  slender  prisms.  It  had  a  bright  yellow  color,  and  a  nitro- 
gen determination  showed  that  it  was  a  monopicrate  : 

Calculated  for 
C10H9O3N7.  Found. 

N  27.60  27.46 

It  sinters  at  about  185"  and  melts  with  effervescence  at  210° 
to  214°. 

It  was  found  that  if  the  2-methylmercapto-4,6-diamino- 
pyrimidine  was  warmed  with  hydrochloric  acid  for  a  longer 
time  than  was  sufficient  to  expel  the  mercaptan,  barbituric 
acid  was  obtained.  This  was  identified  by  its  crystallizing 
with  water  of  crystallization  and  by  the  following  nitrogen 
determination  in  the  dried  material  : 

Calculated  for 
C4H4O2N2.  Found. 

N  21.89  22.36 

HN CO 

I  I 
2-Methylmercaptovioluric    Acid,    CHsSC           C=NOH. 

II  I 
N CO 

Eight  grams  of  2-methylmercapto-4,6-dioxypyrimidine  were 
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dissolved  in  150  cc.  of  water  containing  2  grams  of  sodium 
hydroxide.  Four  grams  of  sodium  nitrite  were  added  and 
the  solution  was  acidified  with  acetic  acid.  The  solution 
turned  dark-blue  when  acidified,  but  gradually  became  red. 
A  brick-red  precipitate  formed  after  the  solution  stood  ten 
hours  and  4.55  grams  of  the  isonitrosopyrimidine  were  ob- 
tained, or  48  per  cent  of  the  calculated.  It  became  dark-col- 
ored when  heated  and  gradually  decomposed  at  180°  to  200°. 
The  ammonium  and  sodium  salts  have  a  purple  color.  Some 
of  the  sodium  salt  was  dissolved  in  warm  water  and  acidified 
with  hydrochloric  acid.  The  solution  became  red,  and,  on 
standing,  it  deposited  red,  flat,  pointed  prisms,  which  con- 
tained 2  molecules  of  water  of  crystallization.  The  water 
was  determined  by  heating  the  material  at  120°. 

Calculated  for 
C5H6O8N3S.2H2O.  Found. 

H,0  11.66  11.84 

A  nitrogen  determination  in  the  case  of  the  anhydrous  ma- 
terial gave  : 

Calculated  for 
CgHjOjNsS.  Found. 

N  22.46  22.22 

HN CO 

I  I 
2-Methylmercaptouramil,  CH3SC           CHNH,.  — This    was 

II  I 
N CO 

obtained  from  the  above  isonitrosopyrimidine  by  reduction 
with  ammonium  sulphide  according  to  Traube's  method.^ 
This  material  is  difl&cultly  soluble  in  water  or  hydrochloric 
acid,  dilute  or  concentrated.  It  is  soluble  in  sodium  hydrox- 
ide and  it  is  precipitated  by  acetic  acid,  in  which  it  is  diffi- 
cultly soluble.     A  nitrogen  determination  gave  : 

Calculated  for 
C6H7O0N3S.  Found. 

N  24.28  24.37 

Attempts  to  chlorinate  this  material  by  means   of   phos- 
phorus oxy chloride  did  not  lead  to  a  smooth  result.     The 

1  Ann.  Chem.  (I,iebig),  331,  S2  (1904;. 
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material  turns  brown  on  heating  at  285°  but  does  not  melt  at 

o 

301  . 

The  following  pyrimidine  derivatives  were  prepared  by  Dr. 

Henry  F.  Merriam  in  the  course  of  some  work  on  isomers  of 

histidine.     The  work  was  interrupted  by  the  departure  of 

Mr.  Merriam  from  this  laboratory. 

HN CO 

I              I 
2-Thio-^-methylbarbituric  Acid,    SC  CHCH3. Seven 

I  I 

HN CO 

and  eight-tenths  grams  of  sodium  were  dissolved  in  alcohol 
and  the  solution  added  to  60  grams  of  methylmalonic  ethyl 
ester.  A  hot  alcoholic  solution  of  26  grams  of  thiourea  was 
then  added  and  the  mixture  heated  gently  on  the  steam-bath 
for  five  hours.  The  white  sodium  salt  was  then  filtered,  dis- 
solved in  a  small  volume  of  hot  water,  and  the  solution  acidi- 
fied strongly  with  hydrochloric  acid.  On  cooling,  a  mass  of 
thin  plates  separated.  After  crystallizing  from  water  the  sub- 
stance melted  with  effervescence  at  about  244.®  The  jneld 
was  27  grams.  2-Thio-5-meth5dbarbituric  acid  crystallizes 
with  I  molecule  of  water  of  crystallization,  which  is  evolved 
at  120°. 

Calculated  for 
C6H9O2N2S.H2O.  Found. 

H,0  18.55  18.25 

A  nitrogen  determination  in  the  case  of  the  dried  material 
gave  : 

Calculated  for 
CsHoOsNjS.  Found. 

N  17-72  18.04 

2-Thio-5-ethylbarbituric  Acid. — An  alcoholic  solution  of  11 
grams  of  sodium  was  added  to  90  grams  of  ethylmalonic  ethyl 
ester  and  a  solution  of  37  grams  of  thiourea  in  hot  alcohol  was 
added  to  the  mixture,  which  was  then  warmed  on  the  steam- 
bath  for  several  hours.  The  white  sodium  salt  was  then  re- 
moved by  filtering  and  the  free  acid  was  liberated  by  means 
of  hydrochloric  acid.  It  separated  from  water  in  the  form  of 
long,  needle-like  prisms  and  it  melted  at  190°  to  191°.     It  is 
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soluble  in  alcohol.  The  yield  was  37  grams.  It  contains 
water  of  crystallization,  which  is  given  off  at  120°.  A  nitro- 
gen determination  in  the  dry  material  gave  : 

Calculated  for 
CgHsOoNoS.  Found. 

N  16.27  16.53 

2'Methylmercapto-4,6-dioxy-§-inethylpyrimidine^ 
HN CO 

I  I 

CH3SC  CHCH3. — This  compound  was  prepared  by  boil- 

II  I 
N CO 

ing  2-thio-5-methylbarbituric  acid  with  alcohol  and  an  excess 
of  methyl  iodide.  After  several  hours  the  solid  material  was 
filtered  and  washed  with  alcohol.  The  material  was  almost 
insoluble  in  water  and  alcohol  and  it  was  purified  by  crystal- 
lizing from  strong  acetic  acid.  It  formed  short  prisms  which, 
on  heating,  decomposed  with  effervescence  at  about  303°. 
From  28  grams  of  thiomethylbarbituric  acid  18.5  grams  of 
the  mercapto  compound  were  obtained. 

Calculated  for 
CsHjOoNoS.  Found. 

N  16.27  16.23 

2-Methylinercapto-4 ,6-dioxy-^-ethylpyrimidine . Thirty-six 

grams  of  5-ethylthiobarbituric  acid,  treated  in  the  same  man- 
ner as  the  above,  except  that  in  this  case,  after  the  action  was 
complete,  most  of  the  alcohol  was  evaporated  and  the  residue 
was  treated  with  water,  gave  25  grams  of  the  mercapto  com- 
pound. After  crystallizing  from  acetic  acid  it  melted  with 
effervescence  at  about  257°.  It  was  easily  soluble  in  alcohol 
and  acetic  acid  and  diflBcultly  soluble  in  water.  A  nitrogen 
determination  gave  : 

Calculated  for 

C7H10O2N2S.  Found. 

N  15.05  15-19 

2-Methylmercapto-4,6-dichlor-^-methylpyrimidine, 
N==CC1 

CHjSC  CCH,.— Ten  and  three-tenths  grams  of  2-methyl- 

II  II 

N CCl 
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mercapto-4,6-dioxy-5-methylpyrimidine  were  heated  on  the 
steam-bath  with  12.7  grams  of  phosphorus  pentachloride. 
The  material  melted  and,  finally,  the  phosphorus  oxychloride 
was  removed  by  distilling  in  a  vacuum.  The  residue  was 
treated  with  ice-water  and  ether  and  the  ethereal  solution  was 
dehydrated  and  distilled  at  18  mm.  pressure.  The  dichloride 
then  boiled  at  153°  to  154°,  and,  on  cooling,  it  crystallized  in 
the  form  of  colorless,  stout  prisms  melting  at  64°.  The  yield 
was  10.3  grams  and  a  nitrogen  determination  gave  : 

Calculated  for 
CgHeNsSCla.  Found. 

N  13-39  13-48 

As  in  the  case  of  2-methylmercapto-4,6-dichlorpyrimidine, 
only  one  chlorine  atom  is  especially  reactive  in  this  com- 
pound. 

2-Methylinercapto-4.-chlor-5-inethyl-6-€thoxypyriinidine, 

N=COC,H. 

i  I 

CHjSC  CCH3     . — Seven  grams  of  the  above  dichloride 

II  II 

N CCl 

were  dissolved  in  alcohol  and  0.9  gram  of  sodium  in  alcoholic 
solution  was  added.  The  mixture  was  warmed  for  an  hour 
on  the  steam-bath.  The  material  was  then  precipitated  with 
water  and  crystallized  from  alcohol,  whereupon  beautiful, 
colorless  prisms  were  obtained  melting  at  85°.  This  sub- 
stance is  readily  soluble  in  alcohol  and  benzene  and  insoluble 
in  water.  The  yield  was  6  grams.  A  nitrogen  determina- 
tion gave  : 

Calculated  for 

CgHiiONoSCl.  Found. 

N  12.81  13.18 

2-Methylinercapto-4.-chlor-^-viethyl-6-meihylaminopyriniidine, 
N^:i=iC— NHCH, 

I  I 

CH3SC  CCHg  .—Nine  grams  of  the  above  dichlor 

II  II 
N CCl 

compound  were  heated  at  145°,  for  three  hours,  with  5  grams 
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of  methylamine  in  58  cc.  of  alcohol.  The  solution  was  then 
evaporated,  the  residue  washed  with  water  and  crystallized 
several  times  from  alcohol.  It  formed  stout  prisms,  which 
melted  at  157".  The  reaction  was  not  complete  and  the  yield 
was  5  grams.     A  nitrogen  determination  gave  : 

Calculated  for 
C7H10N3CIS.  Found. 

N                                20.64  20.96 

HN CO 

5-Dimethylaminouracil,  OC  C — NCCH,)^.  —  This  com- 

I  II 

HN CH 

pound,   isomeric  with    histidine,   was   prepared    by    heating 

5-bromuraciP  with  an  excess  of  dimethylamine  at  150°  for  six 

hours.     The  contents  of  the  tube  were  evaporated,  taken  up 

in  water,  and  boiled  with  animal  charcoal.     The  material  was 

then  crystallized  from  water,  in  which  it  is  moderately  soluble 

when  hot,  and  very  difficultly  soluble  when  cold.     It  formed 

small,  thin,  colorless  plates  or  films,  which  melted  with  strong 

efiervescence  at  about  297°.     A  nitrogen  determination  gave  : 

Calculated  for 

C^HgOsNj.  Found. 

N  27.09  27.23 

HN CO 

I  I 

4-Methyl-^-methylamtnouracil,  OC  C— NHCH,.  —  Fif- 

I  II 

HN CCH, 

teen  grams  of  4-methyl-5-brorauracil,  prepared  according  to 

the  directions  of  Behrend,*  were  heated  for  six  hours  at  150° 

with  an  excess  of  aqueous  methylamine.     The  contents  of  the 

tube   were   then   heated   on    the   steam-bath   until   the   free 

methylamine  was  removed.     The  bromine  was  removed  by 

means  of  silver  sulphate,  the  excess  of  silver  by  hydrogen 

sulphide,  and  the  sulphuric  acid  by  barium  hydroxide,  and 

the  excess  of  the  latter  was  precipitated  by  carbon  dioxide. 

Then,  on  concentrating  the  solution  to  a  small  volume,  a 

1  Wheeler  and  Merriam  :  This  Journal,  39,  486  (1903). 

2  Ann.  Chem.  (Liebig),  331,  249. 
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beautiful  crop  of  colorless  prisms  separated.  After  crystal- 
lizing from  water  containing  a  little  alcohol  the  compound 
melted  at  214°.  When  crystallized  from  water,  in  which  it  is 
very  soluble,  it  contains  i  molecule  of  water  of  crystallization. 
The  presence  of  much  alcohol  in  the  water  causes  the  com- 
pound to  crystallize  in  an  anhydrous  condition.  Water  was 
determined  by  heating  the  material  at  120°, 

Calculated  for 

C6H9O2N3.H0O.  Found. 

H3O  10.40  10.26 

A  nitrogen  determination  in  the  case  of  the  dried  material 
gave  : 

Calculated  for 
CeHoOsNg.  Found. 

N  27.09  27.25 

The  monohydrochloride  was  prepared  by  dissolving  the  base 
in  dilute  hydrochloric  acid  and  evaporating  the  solution.  It 
formed  beautiful,  transparent,  stout  prisms,  which  melted  at 
273°  with  strong  effervescence.  The  hydrochloride  was  less 
soluble  in  water  than  the  free  base,  and  the  following  analy- 
sis showed  that  the  salt  was  anhydrous  : 

Calculated  for 

C6HBO2N3.HCI.  Found. 

N  21.93  22.27 

2-Methylmercapto-^,6-diviethylpyrimidine, 

N CCH, 

II  11 

CH3SC  CHg    .— (By  G.  S  Jamieson.)    Thirty-five  grams 

!  I 

N==CCH, 

of  the  methyl  iodide  addition-product  of  thiourea  were  dis- 
solved in  30  cc.  of  water  containing  9  grams  of  potassium  hy- 
droxide and  16  grams  of  acetylacetone  were  then  added. 
The  latter  dissolved  when  the  solution  was  shaken  vigorously 
for  a  few  seconds.  The  clear  solution  gradually  became  tur- 
bid, and,  after  standing  for  two  days,  a  dark-yellow  oil  sepa- 
rated. This  was  shaken  out  with  ether  and  the  ethereal  solu- 
tion was  dehydrated  over  potassium  hydroxide.  The  oil  was 
then  distilled  at  28  to  29  mm.  pressure,  whereupon  it  boiled 
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at  135°  to  \2>i^ ,  leaving  a  notable  residue.  Six  grams  of  col- 
orless, odorless  oil  were  obtained,  a  yield  of  24.4  per  cent  of 
the  calculated.  Another  condensation  was  made  with  three 
times  the  above  quantities  and  17.7  grams  of  oil  were  ob- 
tained which  boiled  at  144°  at  33  mm.  pressure  and  at  123°  to 
125°  at  14  mm,  pressure.  The  yield  in  this  case  was  23.9  per 
cent  of  the  calculated.  When  the  oil  was  cooled  it  solidified 
to  a  white,  ice-like  mass  and  melted  at  about  23°  to  24°.  The 
material  is  moderately  soluble  in  cold  water,  and  when  the 
solution  is  warmed  the  substance  separates  in  the  form  of  oil 
drops,  which  dissolve  again  on  cooling.  It  appears  to  absorb 
moisture  from  the  air,  since  only  by  drying  over  sulphuric 
acid  could  agreeing  results  be  obtained  on  analysis.  Nitro- 
gen determinations  then  gave  : 

Calculated  for  Found. 

CrHioNoS.  I.  II. 

N  18.18  18.22  18.32 

The  residue,  obtained  as  a  by-product  in  this  preparation, 
was  not  distilled,  but  when  ciystallized  from  alcohol,  in  which 
it  was  very  soluble,  it  separated  in  the  form  of  colorless,  rec- 
tangular prisms,  which  melted  at  153°  to  154°  to  a  clear 
liquid.  A  nitrogen  determination  agreed  with  the  calculated 
for  a  dicyandiamide  addition-product  of  2-methylmercapto- 
4,6-dimethylpyrimidine  or  an  isomer.  It  was  not  further  ex- 
amined. 

2-0xy-4.,6-dimethylpyrimidine. — The  above  mercapto  deriv- 
ative, melting  at  23'  to  24°,  was  boiled  with  hydrobromic  acid 
for  three  hours,  evaporated,  taken  up  in  water,  and  neutral- 
ized with  alkali.  It  was  again  evaporated  and  the  dried, 
powdered  material  was  extracted  with  benzene  containing 
alcohol.  The  extracted  material  was  crystallized  twice  from 
water,  in  which  it  was  easily  soluble.  It  melted  at  198°  to 
199°.  Evans^  gives  the  melting-point  of  this  substance,  which 
he  prepared  by  a  different  method,  at  190°  to  195°.  Our  ma- 
terial was  shown  to  be  identical  with  that  of  Evans  by  pre- 
paring the  bromine  derivative  melting  at  145°  and  by  its  be- 
havior with  diazobenzene  chloride. 

New  Haven,  Con>'.,  June,  1904. 
1  J.  prakt.  Chem.,  48,  4S9  (1893)- 
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CXX.— ON  THE  ACTION   OF   PHENYLHYDRAZINE 
ON  BENZOYLPSEUDOUREAS  :   1,5-DIPHENYE- 
3-AMINOPYRRO-a,y5'-DIAZOI.E    DERIVA- 
TIVES. 

By  Treat  B.  Johnson  and  George  A.  Menge. 

Several  papers^  have  appeared  from  this  laboratory  describ- 
ing the  behavior  of  phenylhydrazine  towards  acylthiocarb- 
amates,  RCO.NHCSOR,  RCONHCOSR,  acyldithiocarb- 
ataates,  RCONHCSSR,  acylimidothiocarbonates,  RCON= 
C(OR)(SR),andacylimidodithiocarbonates,RCON=C(SR),. 
In  every  case  that  has  been  examined  1,5-dialkyltriazoles 
(Formula  I.)  have  been  the  products  of  the  reaction  : 

CeH.C N C(OR)  (SR)  (NHR) 

I  II 

C^H^N N 

I. 

One  would  be  led  to  believe  from  these  results  that  the 
relative  tendency  of  the  groups— CSalk.,  CS,  CO,  COalk.— 
to  react  with  the  hydrogen  of  the  amino  group  in  phenyl- 
hydrazine  can  be  expressed  by  the  following  arrangement : 

CSalk. >CS>CO>COalk. 

"v.      It  seemed  of  interest  to  decide  whether  the  above  rule  would 
'^   /.hold  in  other  types  of  compounds  containing  these  groups,  or 
^.„t\'hether  it  is  a  general  tendency  for   1,5-dialkyltriazoles  to 
'>■  iorm  in  preference  to  the  1,3-dialkyltriazoles. 

.  The acyloxygenpseudoureas — RCON=:iC(OR) NH, — should 
yield  1,3-dialkyltriazoles  according  to  the  above  representa- 
tion, since  water  is  represented  as  separating  in  preference  to 
alcohol. 

We  find  that  the  acyloxygenpseudoureas  react  less  readily 
with  phenylhydrazine  than  the  other  types  of  derivatives 
which  have  been  examined.  The  acylpseudothioureas  react 
at  ordinary   temperature   with  phenylhydrazine,    while  the 

1  Wheeler  and  Johnson  :  This  Journal,  24,  198  (1900)  ;  Wheeler  and  Beardsley  : 
Ibid.,  27,  258  (1902)  ;  29,  74  (1903). 
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acyloxygenpseudoureas  remain  unaltered  under  the  same  con- 
ditions. They  react  smoothly,  nevertheless,  when  heated  to 
130°  to  150°,  and  give  1,5-dialkyltriazoles  analogous  to  the 
acylpseudothioureas.  The  same  triazole  was  obtained  by 
heating  phenylhydrazine  with  benzoylpseudoethylphenylurea 
as  was  obtained  by  Wheeler  and  Beardsley'  from  phenylhy- 
drazine and  benzoylthiolethylphenylpseudothiourea  : 

CgHjCON^CNHCsHs 

OC,H, 

+  \ 

C.H^NH.NH,  ^v,  H-C^HpH+HjO 

II.  CsHjC^N— CNHCgHj 


C.HgCON^CNHCeHs  CeH^N N 


+  C„H,SH  +  H,0 


+ 
H. 

III. 


SC,H, 


CjHjNH.NH, 


This  behavior  of  the  oxygenpseudoureas  presents  the  first 
exception  observed  to  the  above  rule.  Apparently,  from  this 
there  is  a  tendency  for  the  1,5-dialkyltriazoles  to  form  rather 
than  1,3-dialkyltriazoles,  and  that  the  reaction  does  not  neces- 
sarily proceed  according  to  the  above  arrangement. 

Wheeler  and  Beardsley'  have  prepared  i,3-diphenyl-5-mer- 
captotriazole  by  warming  formylphenylhydrazine  with  ben- 
zoyl rhodanide  and  then  treating  the  material  with  cold 
alkali.  This  reaction  was  not  smooth  and  the  triazole  was 
always  obtained  mixed  with  secondary  products. 

We  find  that  this  triazole  can  be  prepared  very  easily  by 
combining  benzoyl  rhodanide  with  acetonephenylhydrazone. 
When  the  resulting  semicarbazide  was  treated  with  dilute 
hydrochloric  acid,  or  boiled  with  water,  it  was  converted 
quantitatively  into  the  i,3-diphenyl-5-mercaptotriazole  (For- 
mula V.)  : 

1  Loc.  cit. 
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C^HsNH.NrrCCCH,),  +  CeH.CONCS     = 

C,H,N-N=C(CH,),     ^,^^^  jjci     C,H,C-N=CSH 

CSNHCOQHj  '  N NC^Hj' 

IV.  V. 

The  behavior  of  the  above  semicarbazide  (Formula  IV.) 
towards  hydrochloric  acid  and  water  is  similar  to  an  observa- 
tion made  by  Arnold.^  He  found  that  cyanic  acid  readily 
combined  with  acetonephen5'lhydrazone  to  give  the  acetone 
derivative  of  unsymmetrical  phenylsemicarbazide.  "When 
this  acetone  derivative  was  boiled  with  water  it  was  converted 
into  phenylsemicarbazide. 

The  behavior  of  the  two  above  semicarbazides  is  in  striking 
contrast  to  an  earlier  observation  made  by  Vahle.*  He 
showed  that  phenyl  mustard-oil  combined  with  acetone- 
phenylhydrazone  to  form  the  acetone  derivative  of  a,b-d\- 
phenylthiosemicarbazide.  This  compound  was  soluble  in 
acids,  and  after  prolonged  boiling  with  strong  hydrochloric 
acid  could  be  precipitated  unaltered  from  its  acid  solution. 

Dixon'  has  investigated  the  action  of  phenylhydrazine  on 
benzoyl  rhodanide.  He  described  the  product  formed  as 
benzoylphenylthiosemicarbazide,  and  states  that  it  does  not 
melt  at  220°. 

We  find  that  phenylhydrazine  reacts  with  benzoyl  rhodanide 
to  form  four  definite  products.  Three  of  these  we  have  been 
able  to  separate  in  a  state  of  purity.  Benzoylphenylthio- 
semicarbazide (Formula  VI.)  was  isolated,  which  melted  at 
136°  and  not  at  220°.  Associated  with  the  thiosemicarbazide 
was  i,5-diphenyl-3-mercaptotriazole  (Formula  VIII.),  melt- 
ing at  187°,  and  also  i,3-diphenyl-5-mercaptotriazole  (For- 
mula IX.),  melting  at  248°.  We  did  not  succeed  in  isolating 
the  fourth  product  formed  in  this  reaction  (Formula  VII.)  : 

1  Ber.  d.  chem.  Ges.,  30,  1016. 

*  Ibid.y  27,  1514. 

*  J.  Chem.  Soc.  (lyOndon),  55,  304. 
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CgHjNHNH, 
CeHjCONCS 

CsHjCONHCSNHNHQH,  CsH^N— NH, 

I 
SN 

VII. 


CSNHCOC^Hs 


I 
aH.C N CSH 


■'6-*^-*5' 


N NC.H^ 

VIII.  IX. 

Benzoylphenylthiosemicarbazide  (Formula  VI.)  was  pre- 
viously obtained  in  this  laboratory^  by  treating  ethyl  benzoyldi- 
thiocarbamate  with  phenylhydrazine  at  ordinary  temperature. 
It  melted  at  136°  and  agreed  in  none  of  its  properties  with 
Dixon's  supposed  thiosemicarbazide.  When  heated  above  its 
melting-point  it  was  converted  into  i,5-diphenyl-3-mercapto- 
triazole,  melting  at  187°. 

The  formation  of  the  two  isomeric  triazoles  in  the  above  re- 
action again  show  the  strong  tendency  of  phenylhydrazine  to 
offer  two  points  of  attack  towards  reactive  substances.  The 
action  of  benzoyl  rhodanide  is  perfectly  analogous  to  the  be- 
havior of  phenylhydrazine  towards  benzanilideimide  chloride 
which  was  recently  examined  by  Wheeler  and  Johnson." 
This  interesting  behavior  has  also  been  observed  by  other  in- 
vestigators.^ 

The  ease  with  which  the  acylimidothiocarbonates,  RCON= 
C(OR)(SR),  and  acylimidodithiocarbonates,  RCON== 
C(SR)j,  react  with  amines  to  form  pseudoureas,  suggested 
that  they  would  react  with  the  basic,  non-substituted  pseudo- 
thioureas  to  form  triazine  derivatives,  as  follows  : 

1  Wheeler  and  Beardsley  :  Loc.  cit. 

2  This  Journal,  31,  578. 

5  Busch  :  Ber.  d.  chem.  Ges.,  34,  322 ;  36,  3877 ;  French  and  Beckurts  :  Arch. 
Pharm.,  337,  346. 


362                               Johnson 

and  Menge. 

NiH, OICQH, 

1 1 

C,H,SC       +       N 
II II 

NiHC^H^SjCOC^H, 

N_ 

1 

C,H,SC 

II 
N- 

1 

N 

COC.H, 

X. 

+  H,0  +  C2H5SH. 


We  find  that  pseudoethylthiourea  combines  with  benzoyl- 
imidodiethylthiocarbonate  at  ordinary  temperature.  We 
were  able  to  isolate  a  beautiful  crystalline  product  melting  at 
48°.  A  nitrogen  determination  agreed  with  the  calculated 
for  ethylmercaptoethoxy phenyl- 1,3, 5-triazine  (Formula  X.). 

One  might  expect  h5'-droxylamine  to  react  with  an  acyl- 
imidothiocarbonate  to  form  a  substituted  acylpseudourea 
(Formula  XI.),  which  could  then  condense  to  a  furo-a,/?'- 
diazole  (Formula  XII.)  as  follows  : 

/OC,H, 
C.HjCON^ra/  +  NH.OH     := 

OC,H, 
CeHjCON^C^  --      CeHjC^N— COCHj 

\NHOH  I  II  +  H,0. 

O N 

XI.  XII. 

We  find  that  hydroxylamine  reacts  with  benzoylimidodi- 
ethylthiocarbonate  in  alcoholic  solution  at  ordinary  tempera- 
ture. Much  heat  was  evolved,  and  raercaptan  was  given  off 
immediately.  We  were  able  to  isolate  a  product  which 
melted  at  48°,  and  a  nitrogen  determination  agreed  with  the 
calculated  for  a'-phenyl-/?-ethoxyfuro-a',/?'-diazole  (Formula 
XII.). 

An  isomeric  oxyethylphenylfuro-ar,^'-diazole  has  been  pre- 
pared by  Falck.^  He  obtained  it  by  acting  on  the  silver  salt 
of  «'-oxy-yS-phenylfuro-«,/3'-diazole  with  ethyl  iodide  at  100°. 

1  Ber.  d.  chem.  Ges.,  i8,  2467  ;  19,  1481. 
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He  states  that  it  melts  at  36°,  but  represents  it  with  the  alkyl 
group  attached  to  nitrogen  instead  of  oxygen.  From  work 
that  has  appeared  from  this  laboratory^  on  the  molecular  re- 
arrangement of  imidoesters  one  might  expect  that  a  nitrogen 
alkyl  derivative  would  be  formed  under  the  conditions  that 
Falck  obtained  his  furo-a,/3'-diazole. 

We  have  repeated  Falck's  experiments  and  find  that  the 
same  ethyl  derivative  is  formed  when  ethyl  iodide  is  allowed 
to  act  on  the  silver  salt  at  ordinary  temperature.  We  feel 
justified  in  concluding  from  this  result,  and  from  previous 
work  on  the  structure  of  silver  salts  and  their  behavior  to- 
wards alkyl  halides,^  that  the  ethyl  radical  in  Falck's  furo- 
ar,/5'-diazole  is  attached  to  oxygen  and  not  to  nitrogen. 

We  also  found  that  the  acyloxygenpseudoureas  react  with 
great  ease  with  hydroxylamine.  Benzoylpseudoethylphenyl- 
urea  and  hydroxylamine  reacted  at  once  when  heated  in  alco- 
holic solution  to  about  50°.  A  beautiful  crystalline  compound 
was  formed,  and  a  nitrogen  determination  agreed  with  the 
calculated  for  a  furo-«^,/J'-diazole  derivative.  On  account  of 
lack  of  time  the  structure  of  these  derivatives  obtained  with 
hydroxylamine  must  be  decided  at  a  later  date. 

Sell  and  Zierold^  obtained  the  chloride  of  phenyl  isocyanate 
by  leading  chlorine  gas  into  a  chloroform  solution  of  phenyl 
mustard-oil.  Nef*  also  obtained  the  same  chloride  by  using 
phenyl  isocyanate  instead  of  phenyl  mustard-oil. 

We  find  that  benzoyl  rhodanide  reacts  as  readily  with  chlo- 
rine gas  as  phenyl  mustard-oil.  The  chloride  is  a  light-yel- 
low oil  which  can  be  distilled  under  diminished  pressure 
without  decomposition.  It  is  a  most  intensely  reactive  body 
and  combines  with  violence  with  water,  alcohol,  and  amines. 
We  expect  to  investigate  some  of  the  reactions  of  this  interest- 
ing substance. 

1  Wheeler  and  Johnson  :  This  Journal,  21,  186 ;  Wheeler  :  Ibid.,  23,  136. 

2  Nef  :  Ann.  Chem.  (Uebig),  266,  66  ;  276,  235.  Tafel  and  Enoch  :  Ber.  d.  chem. 
Ges.,  23,  104,  1550.  Comstock  and  Kleeberg  ;  This  Journal,  12,  493  ;  Comstock  and 
Wheeler  :  Ibid.,  13,  520.  Stieglitz  and  Dains  :  J.  Am.  Chem.  Soc,  21,  187  :  Wheeler 
and  Johnson  :  This  Journal,  30,  32.    Slimmer  and  Stieglitz  :  Ibid.,  31,  666. 

3  Ber.  d.  chem.  Ges.,  7,  122S. 

<  Ann.  Chem.  (Liebig),  270,  282. 
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EXPERIMENTAL  PART. 

The  acyloxygenpseudoureas  described  in  this  paper  were 
prepared  by  allowing  amines  to  act  on  acyliraidothiocarbon- 
ates  at  ordinary  temperature.  Certain  representatives^  of  this 
class  of  derivatives  have  previously  been  described  as  oils. 
Recently  Bruce^  has  prepared  a  series  of  these  pseudoureas, 
which  he  has  described  as  well-crystallized  substances.  The 
acyloxygenpseudoureas  that  we  have  prepared  show  little 
tendenc)^  to  crystallize,  small  traces  of  impurit}^  causing  them 
to  remain  as  oils  for  weeks.  When  obtained  in  a  state  of 
purity  they  form  beautiful  crystalline  compounds,  which  are 
comparatively  stable  and  can  be  recrystallized  Trom  the  ordi- 
nary solvents. 

/OCH3 
Bemoyhmidodimethylthiocarbonate,  CgHjCON^C^  . — 

^SCH, 

This  substance,^  previously  obtained  as  an  oil,  was  prepared 
by  dissolving  methylbenzoylthioncarbamate  and  a  molecular 
proportion  of  sodium  ethylate  in  cold  alcohol  and  then  adding 
a  molecular  proportion  of  methjd  iodide.  We  observed  that 
the  thiocarbonates  were  obtained  much  purer  if  the  reaction 
was  allowed  to  proceed  at  very  low  temperatures.  It  was 
separated  from  the  alcohol  by  precipitating  with  water.  It 
boiled  at  200°  at  20  mm.  pressure.  It  solidified  on  cooling, 
and  crystallized  from  ligroin  in  colorless  prisms  melting  at 
43°.     A  nitrogen  determination  gave  : 

Calculated  for 
CioHiiOoNS.  •  Found. 

N  6.70  7.00 

Benzoylpseudomethyl-m-nitrophenylurea, 

.NHCgH.NO, 
CgH5C0N=C<(^  .  —  This    pseudourea^    was    pre- 

\OCH3 

viously  obtained  as  an  intermediate  product  in  the  prepara- 
tion  of   benzoylnitrophenylurea    from    metanitroaniline    and 

1  Wheeler  and  Johnson  :  This  Journal,  24,  190 ;  McKee  :  Ibid.,  26,  209. 

2  J.  Am.  Chem.  Soc,  26,  419. 

*  Wheeler  and  Johnson:  This  Jourmal,  24,  190. 

♦  Loc.  cit. 
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benzoylimidomethjdthiolethylcarbonate.  We  have  now  iso- 
lated this  pseudourea  in  a  state  of  purity  and  find  that  it  crys- 
tallizes from  alcohol  in  needle-like  prisms,  and  melts  at  86°  to 
88°.     A  nitrogen  determination  gave  : 

Calculated  for 
C16H13O4N3.  Found. 

N  14.05  14.20 

Benzoylpseudovtethylpseudocuviylurea, 
.NHC,H,(CH3)3 
CgH5C0N=C<'  . — From  pseudocumidine  and 

\OCH3 

benzoylimidomethylthiolethylcarbonate.  It  crystallized  from 
alcohol  in  beautiful,  needle-like  prisms  and  melted  at  87°  to 
89°.  It  was  very  soluble  in  ether  and  benzene.  A  nitrogen 
determination  gave  : 


Calculated  for 

C18H20O2N0. 

Found. 

9.46 

9.38 

N 

I  ^^-Diphenyl-j-pseudocumylaminotriazole , 

CeH,C^=N C-NHCeH,(CH3)3 

I  II  . — This    triazole    was 

C«H,N N 

obtained  when  the  above  benzoylpseudomethylpseudocumyl- 
urea  was  warmed  for  several  hours  at  130°  with  a  molecular 
proportion  of  phenylhydrazine.  On  allowing  the  melt  to 
stand  for  several  hours  at  ordinary  temperature  it  finally 
solidified.  The  triazole  crystallized  from  alcohol  in  rosettes 
of  needle-like  prisms  and  melted  at  121°  to  123°.  A  nitrogen 
determination  gave  : 

Calculated  for 

C23H22N4.  Found, 

N  15.82  16.2 

i,^-Diphenyl-^-phenylaviinotriazole, 

C,H6C^=N CNHCgH, 

I  II  . — This  was  obtained  by  heating 

CeH.N N 

phenylhydrazine  with  benzoylpseudoethylphenylurea  at  120° 
to  130°.  It  crystallized  from  alcohol  in  needles  and  melted 
at  202°.     The  triazole  was  previously  obtained  by  Wheeler  and 


366  Johnson  and  Menge. 

Beardsley^  b}' treating  benzoylphenylthiolethylpseudothiourea 
with  phenylhydrazine.  When  their  triazole  was  mixed  with 
our  triazole  melting  at  202°  the  melting-point  was  not  lowered. 

Benzoylpseudoethyl-m-nitrophenylurea, 
NHC,H,NO, 
C6H5CON=C<^  .  —  From     metanitroaniline    and 

benzoylimidodiethylthiocarbonate.  After  heating  for  a  few 
hours  at  about  75°  a  thick  oil  was  obtained  which  finally 
solidified.  It  cr^'stallized  from  alcohol  in  the  form  of  prisms 
and  melted  at  86°  to  88°.     A  nitrogen  determination  gave  : 

Calculated  for 
C18H15O4N3.  Found. 

N  13.4  13.31 

Benzoylpseudoethyl-m-chlorphenylurea , 

,NH.CeH,Cl 

CgHsCON^Cc;^  . — From  metachloraniline  and  ben- 

\OC,H, 
zoylimidodiethylthiocarbonate.      After  standing   two   weeks 
the  pseudourea   separated  in  the  form  of  large  prisms.     It 
crystallized  from  alcohol  in  long,  slender  prisms  and  melted 
at  47°  to  48°.     A  nitrogen  determination  gave  : 

Calculated  for 

CigHisOjNoCI.  Found. 

N  9-23  9-53 

i,j-DzpkenyI-j-m-ch/orpkenylamtnofriazo/e, 

CfiH.C N r-CNHCeH,Cl 

I  II  ,    was    obtained    by    heating 

CeH.N N 

phenylhydrazine  with  benzoylpseudoethyl-w-chlorphenylurea 
at  120°  to  130°  for  seven  hours.  The  triazole  crystallized  after 
standing  several  hours  at  ordinary  temperature.  It  crystal- 
lized from  absolute  alcohol  in  short,  stout  prisms,  and  melted 
at  195°  to  196°.     A  nitrogen  determination  gave  : 

Calculated  for 
C20H16N4CI.  Found. 

N  16.16  16.26 

1  Loc.  cit. 
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Benzoylpseudoethylparatolylurea , 
/NHC,H,CH3 
CgHjCON^rCC^  . — From  paratoluidine  and  ben- 

\OC,H- 

zoylimidodiethylthiocarbonate.  After  standing  two  days  the 
pseudourea  crystallized  in  beautiful  prisms.  It  separated 
from  an  alcoholic  solution  as  an  oil,  and  then  crystallized  in  the 
form  of  long  needles.  It  melted  at  77°  to  78°.  A  nitrogen 
determination  gave  : 

Calculated  for 
CnHigOoNo.  Found. 

N  9-93  10.4 

I  ,§-Diphenyl-^-Paratolylaminotriazole , 

CeHsC N CNHCeH.CHj 

I  II  . — This  triazole  was  obtained 

CeH.N N 

by  heating  benzoylpseudoethylparatolylurea  with  phenylhy- 
drazine.  It  crystallized  from  alcohol  in  minute,  prismatic  crys- 
tals, and  melted  at  227°  to  228°.  A  nitrogen  determination 
gave  : 

Calculated  for 

C21H18N4.  Found. 

N  17-17  17-07 

This  same  triazole  was  first  obtained  by  treating  benzoyl- 
paratolylthiolethylpseudothiourea  with  phenylhydrazine.^  Its 
structure  was  definitely  established  in  a  later  paper  by  Wheeler 
and  Beardsley.'' 

Benzoylpseudoethylpa  raanisylu  rea , 

CgHjCON^rC^  .  —  From    paraanisidine    and 

benzoylimidodiethylthiocarbonate.  After  standing  for  about 
one  week  the  pseudourea  was  finally  obtained  in  a  crystalline 
form.  It  crj'stallized  from  alcohol  in  long,  slender  prisms, 
and  melted  at  66°  to  67°.     A  nitrogen  determination  gave  : 

Calculated  for 
C17H18O3N2.  Found. 

N  9.4  9-9 

'  Wheeler  and  Johnson  :  This  Journal,  36,  414. 
2  Loc.  cit. 
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i,^-Diphenyl-j-p-a7iisylami7ioiriazole, 

CgHsC N CNHCeH^.OCHg 

I  II  . — From    benzoylpseudo- 

C«H,N N 

ethyl-^-anisylurea  and  phenylhydrazine.  It  crystallized  from 
alcohol  in  rosettes  of  slender  prisms,  melting  at  224°  to  225°. 
A  nitrogen  determination  gave  : 

Calculated  for 
C21H18ON4.  Found. 

N  16.3  15.7 

Benzoylpseudoethylpseudocumylurea, 
,NHC,H,(CH3)3 
CgHjCON^Cs'  . — From  pseud^cumidine  and 

benzoylimidodiethylthiocarbonate.  After  standing  two  days 
the  pseudourea  crystallized  in  magnificent  prisms.  It  crys- 
tallized from  alcohol  in  prisms  and  melted  at  79°  to  80°.  A 
nitrogen  determination  gave  : 

Calculated  for 
C10H22O2N2.  Found. 

N  9.03  9.03 

Action  of  Benzoyl  Rhodanide  on  Phenylhydrazine. 

Eight  grams  of  benzoyl  rhodanide  were  dissolved  in  anhy- 
drous ether  and  5.3  grams  of  phenylhydrazine,  mixed  with 
ether,  were  slowly  added  through  a  dropping-funnel.  A  re- 
action took  place  at  once  and  a  beautiful,  white,  crystalline 
product  separated  from  the  ethereal  solution.  It  crystallized 
from  alcohol  in  the  form  of  needles  and  prisms,  and  melted 
from  130°  to  150°.  The  material  behaved  in  every  respect 
like  a  mixture. 

The  writer  finally  succeeded  in  purifying  the  material  by  re- 
peated recrystallizations  from  alcohol.  One  product  was  isola- 
ted which  was  extremely  soluble  in  alcohol  and  benzene.  It 
separated  in  the  form  of  needles  and  melted  at  248".  It 
agreed  in  all  its  properties  with  i,3-diphenyl-5-mercaptotri- 
azole.  Mixed  with  this  triazole  was  another  derivative  which 
was  somewhat  less  soluble  in  alcohol.  By  repeatedly  crys- 
tallizing from  alcohol  it  was  obtained  in  a  pure  state  and 
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melted  constant  at  187°.  It  had  all  the  properties  of  1,5-di- 
phenyl-3-mercaptotriazole.  When  mixed  with  this  triazole 
the  melting-point  was  not  lowered. 

The  alcoholic  mother-liquors  from  the  above  crystalliza- 
tions were  combined  and  allowed  to  stand  at  ordinary  tem- 
perature. After  about  twelve  hours  a  large  amount  of  crys- 
talline material  had  separated.  It  crystallized  from  alcohol 
in  prisms  and  melted  at  136°.  When  this  compound  was 
mixed  with  benzoylphenylthiosem.icarbazide  (m.  p.  136°)  the 
melting-point  was  not  lowered. 

Acetone  Derivative  of  a- Be7izoyl-b  phenylthiosemicarbazide , 
CeH5CONH.CSN(C,HJN=C(CH3),.— This  compound  was 
prepared  by  mixing  in  anhydrous  ether  molecular  proportions 
of  benzoyl  rhodanide  and  acetonephenj'lhydrazone.  The 
ethereal  solution  was  heated  in  the  water-bath  for  about  twenty 
minutes  and  then  the  ether  was  evaporated  in  a  vacuum. 
The  semicarbazide  separated  on  the  sides  of  the  dish  in  the  form 
of  balls  of  minute  prisms.  It  crystallized  from  alcohol  in 
prisms  and  melted  at  136°.     A  nitrogen  determination  gave  : 

Calculated  for 
CnHnONsS.  Found. 

N  13.50  13.25 

When  some  of  this  semicarbazide  was  treated  with  hydro- 
chloric acid  it  was  immediately  converted  into  1,3-diphenyl- 
5-mercaptotriazole  melting  at  248°.  This  same  transforma- 
tion takes  place  on  long  boiling  with  water.  Several  attempts 
were  made  to  isolate  the  intermediate  <z-benzoyl-^-phenylthio- 
semicarbazide  by  more  mild  hj'drolysis,  but  mixtures  were 
obtained  of  the  triazole  and  unaltered  semicarbazide. 

Condensation  of  Pseudoethylthiourea  with  Benzoylimidodiethyl- 
t  hiocar  donate . 

Pseudoethylthiourea  hydrobromide,  NHj.C(SC2H5)  =  NH. 
HBr,  was  dissolved  in  alcohol  and  combined  with  a  molecu- 
lar proportion  of  sodium  ethylate.  To  this  alcoholic  solution 
of  the  free  pseudothiourea  was  then  added  a  molecular  pro- 
portion of  benzoylimidodiethylthiocarbonate.  At  first  there 
was  no  apparent  reaction,  but  after  standing  about  one  hour 
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mercaptan  began  to  be  given  off  freely.  The  mixture  was 
allowed  to  stand  at  room  temperature  for  about  five  days, 
when  the  excess  of  alcohol  was  evaporated  on  the  steam-bath. 
"We  obtained  a  thick  oil  mixed  with  sodium  bromide.  The 
oil  was  taken  up  with  ether  to  remove  the  sodium  bromide, 
the  ethereal  solution  dried  over  calcium  chloride,  and  then  the 
excess  of  ether  evaporated  in  a  vacuum.  A  beautiful  crys- 
talline deposit  remained  which  showed  signs  of  melting  at  38°, 
and  then  melted  to  a  turbid  oil  at  42°  to  44°.  The  substance 
was  extremely  soluble  in  all  the  ordinary  solvents.  It  crys- 
tallized from  ligroin  in  prismatic  crystals  associated  with 
some  needles.  When  pure  it  crystallized  from  ligroin  in 
well  developed  prisms,  and  melted  at  47°  to  48°.  It  was  ex- 
ceedingly stable,  and  after  boiling  with  acids  and  alkalies  it 
melted  constantly  at  47°  to  48°.  A  nitrogen  determination 
agreed  with  the  calculated  for  ethylmercaptoethoxyphenyl- 

N=C-C,H, 

I  I 
1,3,5-triazine,  CjHjS — C          N 

II  II 

N C— OC2H5 

Calculated  for 
C13H15ON3S.  Found. 

N  16.09  16.41 

N COCH. 


a'-Phenyl-ft-ethoxyJuro-a,ft'-diazole, 


CeH.C  N 

O 


was  obtained  when  an  alcoholic  solution  of  free  hydroxylamine 
was  united  with  a  molecular  proportion  of  benzoylimidodi- 
ethylthiocarbonate.  Much  heat  was  evolved  and  mercaptan 
was  given  off  at  once.  After  standing  about  eight  hours  the 
excess  of  alcohol  was  evaporated  on  the  steam-bath.  A  beau- 
tiful crystalline  deposit  was  formed,  which  was  extremely 
soluble  in  ligroin,  benzene,  and  ether.  It  crystallized  from 
alcohol  in  stout  prisms,  and  melted  at  47°  to  48°.  A  nitrogen 
determination  gave  : 
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Calculated  for 
CioHjoOsNo.  Found. 


N  14.72  15.2 

a'-Ethoxy-  ft-phenylfuro-  or,  ft'-diazoUy 


N CC.H^ 


C^HjOC  N 

O 

This  derivative  has  been  described  by  Falck/  but  he  repre- 
sents it  as  having  the  alkyl  group  joined  to  nitrogen  instead 
of  oxygen.  We  have  made  it  by  allowing  ethyl  iodide  to  act 
on  the  silver  salt  of  ar'-oxy-/?-phenylfuro-a,/?'-diazole^  at  or- 
dinary temperature.  It  was  obtained  as  an  oil,  which  was 
finally  made  to  solidify  by  washing  with  a  little  dilute  sodium 
hydroxide  solution.  It  crystallized  from  a  mixture  of  ben- 
zene and  ligroin  in  colorless  needles,  and  melted  sharply  at 
36°.  It  agreed  in  all  its  properties  with  Falck's  description. 
A  nitrogen  determination  gave  : 

Calculated  for 
CioHioOsNo.  Found. 

N  14-72  14-77 

Benzoylisocyanchloride,  CgHjCONCClj. — This  chloride  was 
made  by  leading  dry  chlorine  gas  into  a  chloroform  solution 
of  benzoyl  rhodanide.  The  reaction  was  apparently  very 
smooth,  and  could  be  safely  accelerated  by  gently  warming 
the  chloroform  solution  on  the  steam-bath  while  passing  in 
the  gas.  The  chloroform  solution  gradually  changed  in 
color,  finally  becoming  dark-red,  when  the  reaction  was  as- 
sumed complete.  The  mixture  was  distilled  under  dimin- 
ished pressure.  After  removing  the  excess  of  chloroform  and 
sulphur  chloride  the  bulk  of  the  remaining  oil  distilled  between 
140°  to  148°  at  31  to  32  mm.  pressure.  A  fraction  boiling  con- 
stantly at  146°  to  148°  at  31  mm.  was  reserved  for  analysis. 
A  chlorine  determination  gave  : 


Calculated  for 
C8H5ONCI2. 

Found. 

CI 

35-14 

35-11 

1  Loc.  cit. 
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The  oil  is  very  sensitive  towards  moisture.  It  reacts  with 
violence  with  alcohols  and  amines.  The  oil  has  a  very  pene- 
trating odor  and  attacks  the  eyes. 

Nbw  Haven,  Conn.,  June  9,  1904. 


ON  THE  FATE  OF  POTASSIUM  MYRONATE  IN  THE 

ANIMAL  ORGANISM  AND  ITS  HYDROLYSIS 

BY  THE  FERMENTS  OF  THE  LIVER. 

By  J.  H.  Kastle  and  Eloise  Chesley  McCaw. 

Several  years  ago  Kastle  and  Johnston  made  a  comparative 
study  of  the  distribution  of  emulsin  and  myrosin  in  the  vege- 
table kingdom.  It  was  found  that  the  tissue  and  aqueous 
extracts  of  nearly  every  plant  examined  possessed  the  power 
to  hydrolyze  amygdalin,  whereas  myrosin  seemed  to  be  con- 
fined to  a  comparatively  few  orders  of  plants.  It  is  known 
further  that  emulsin  occurs  in  the  animal  organism.  Such 
being  the  case,  it  occurred  to  us  that  it  might  prove  of  inter- 
est to  study  the  fate  of  potassium  myronate  in  the  animal  or- 
ganism and  to  determine  whether  this  glucoside  could  be  hy- 
drolyzed  by  ferments  of  animal  origin. 

Accordingly,  5  cc.  of  a  solution  of  pure  potassium  myro- 
nate, containing  0.5  gram  of  the  glucoside,  were  injected  sub- 
cutaneously  into  a  young  Belgian  hare,  of  about  i  kilogram 
weight.  Immediately  after  the  injection  the  animal  was 
placed  in  a  cage,  so  arranged  that  the  urine  could  be  col- 
lected. The  animal  received  no  food  of  any  kind  during  the 
period  of  experimentation.  No  ill  effects  resulted  from  the 
injection  of  this  quantity  of  the  glucoside.  In  about  three 
and  one-half  hours  after  the  injection  the  animal  passed  urine, 
which  was  collected  and  tested  for  potassium  myronate  in  the 
following  manner.     Four  tubes  were  prepared  as  follows  : 

1.  Contained  2  cc.  of  the  urine,  2  cc,  of  an  extract  of  white 
mustard-seed,  the  activity  of  which  towards  potassium  myro- 
nate had  been  previously  tested,  and  which  contained  i  per 
cent  of  sodium  fluoride  as  antiseptic. 

2.  Contained  2  cc.  of  the  urine  and  2  cc.  of  the  extract  of 
white  mustard-seed,  without  antiseptic. 
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3.  Contained  2  cc.  of  the  urine  and  2  cc.  of  the  extract  of 
white  mustard,  which  had  been  previously  boiled,  and  no 
antiseptic. 

4.  Contained  2  cc.  of  water  and  2  cc.  of  the  extract  of  white 
mustard.  These  tubes  were  then  kept  in  a  water-bath  at  40° 
C.  for  several  hours.  In  tubes  i  and  2  the  odor  of  mustard- 
oil  was  distinctly  perceptible  in  three  hours,  whereas  in  tubes 
3  and  4  the  odor  of  mustard-oil  failed  to  develop  even  after 
a  much  longer  interval.  The  urine  failed  to  reduce  Fehling's 
solution,  whereas  after  standing  for  some  time  with  the  active 
extract  of  white  mustard-seed  it  gave  an  abundant  reduction. 

These  results  go  to  show  that  when  injected  subcutaneousl)^ 
some  of  the  potassium  myronate  at  least  passes  unchanged 
into  the  urine,  and  that  like  the  majority,  if  not  all,  of  the 
complex  carbohydrates  and  glucosides  it  is  not  directly  as- 
similable from  the  blood. 

The  attempt  was  then  made  to  determine  whether  the  glu- 
coside  could  be  assimilated  by  the  animal,  if  administered  by 
the  mouth.  Accordingly,  on  April  13th,  the  rabbit  was  given 
a  breakfast  of  bread,  and  2  cc.  of  a  solution  of  potassium 
myronate,  containing  0.5  gram  of  the  glucoside.  was  admin- 
istered by  the  mouth.  Almost  immediately  the  animal  passed 
into  a  lethargic  condition  and  continued  to  lose  weight  dur- 
ing the  interval  of  the  experiment,  which  lasted  for  several 
days.  Ten  minutes  after  the  administration  of  the  myronate 
the  animal  passed  urine.  This  was  tested  for  potassium 
myronate,  by  the  method  above  described,  with  negative  re- 
sults. The  animal  passed  urine  a  second  time  at  the  end  of 
twenty-four  hours.  This  specimen  was  also  tested  for 
myronate  in  the  usual  manner  but  also  with  entirely  negative 
results.  It  was  observed  further  that  the  urine  did  not  re- 
duce Fehling's  solution  either  before  or  after  treatment  with 
the  active  extract  of  white  mustard-seed.  Still  other  speci- 
mens of  urine  obtained  at  later  intervals  were  examined  for 
potassium  myronate  with  negative  results.  It  would  seem, 
therefore,  that  when  taken  by  the  mouth  the  potassium 
myronate  is  assimilated  in  the  animal  organism,  and  that  it  is 
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completely  hydrolyzed  at  some  point  in  the  alimentary  sys- 
tem. 

The  Hydrolysis  of  Potassium  Myronate  by  the  Ferments  of  the 

Liver. 

The  fact  that  the  liver  contains  so  many  ferments  and  that 
it  plays  such  an  important  part  in  processes  of  digestion  and 
assimilation  naturally  suggested  that  possibly  aqueous  extracts 
of  the  liver  might  be  found  capable  of  hydrolyzing  potassium 
myronate.  In  order  to  determine  whether  aqueous  extracts 
of  the  liver  could  effect  the  hydrolysis  of  this  compound,  the 
following  experiments  were  carried  out  :  Five  grams  of  the 
liver  of  the  hog  were  thoroughly  macerated  by  gnnding  in  a 
mortar  with  fragments  of  glass.  The  mass  was  then  inti- 
mately mixed  with  50  cc.  of  water  and  strained  through  a 
muslin  cloth.  The  conduct  of  this  extract  towards  potassium 
myronate  was  then  tested  in  the  following  manner  : 

Tubes  were  prepared  containing  equal  amounts  of  a  i  per 
cent  solution  of  potassium  myronate  and  5  cc.  of  the  active 
and  boiled  extract  of  the  liver,  using  in  one  experiment 
sodium  fluoride  and  in  another  chloral  as  an  antiseptic.  The 
tubes  were  then  heated  to  40°  C.  in  the  water-bath  for  several 
hours.  Those  containing  the  active  extract  gave  the  odor  of 
oil  of  mustard  after  several  hours,  whereas  the  control  experi- 
ments gave  no  odor  of  this  compound.  These  preliminary 
experiments  seemed  to  indicate  that  the  liver  contains  a  fer- 
ment capable  of  hydrolyzing  potassium  myronate.  On  the 
other  hand,  the  fact  that  such  a  small  amount  of  the  com- 
pound was  hydrolyzed  under  these  conditions  would  seem  to 
show  either  that  the  liver  contains  only  very  small  amounts 
of  my  rosin,  or  that  the  ferment  could  not  be  extracted  from 
the  liver  cells  by  the  method  here  employed.  In  order, 
therefore,  to  throw  further  light  upon  the  subject  the  fol- 
lowing experiments  were  carried  out,  using  beef  liver : 
One  gram  of  liver  was  thoroughly  macerated  and  intimately 
mixed  in  the  porcelain  mortar  with  o.i  gram  of  potassium 
myronate.  Five  cc.  of  water  were  then  rubbed  into  the  ma.ss 
and  a  small  amount  of  sodium  fluoride  added.     The  mixture 
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was  then  placed  in  a  test-tube  and  tightly  corked.  A  second 
tube  was  prepared  similar  to  the  first,  except  that  toluene  was 
'ised  as  the  antiseptic.  These,  together  with  a  control  ex- 
periment in  which  the  liver  employed  had  previously  been 
heated  to  boiling,  completed  the  series.  The  three  tubes 
were  then  heated  on  the  water-bath  at  40°  C.  for  three  hours. 
The  odor  of  mustard  oil  was  very  strong  in  the  first  tube  and 
its  contents  were  thickly  coagulated,  doubtless  as  the  result 
of  the  action  of  the  acid  potassium  sulphate  resulting  from  the 
hydrolysis  of  the  myronate.  The  odor  of  oil  of  mustard  was 
fainter  in  the  second  tube,  although  still  readily  perceptible, 
and  the  clear  filtrate  therefrom  was  found  to  reduce  Fehling's 
solution.  The  boiled  control  gave  no  odor  of  oil  of  mustard, 
and  the  filtrate  therefrom  did  not  reduce  Fehling's  solution. 
The  results  of  these  experiments  left  no  room  for  doubt  that 
the  liver  of  the  beef  is  capable  of  hydrolyzing  potassium 
myronate.  Similar  experiments  were  carried  out  using  the 
liver  of  other  animals  and  other  animal  tissues  with  the  fol- 
lowins:  results  : 


Tissue  employed.                                   Duration  of  experiment. 

Results. 

Liver  of  hog 

24  hours 

+ 

Pancreas  of  hog 

1  ( 

— 

Muscle  of  hog 

1 « 



Spleen  of  hog 

1  ( 

— 

Kidney  of  hog 

1  ( 

— 

Lung  of  hog 

1  ( 



Mucous  membrane  of  small 

intestine  of  hog 

1 1 



Liver  of  beef 

3  hours 

+ 

Liver  of  dog 

21  hours 

+ 

Spleen  of  dog 

(  c 



Kidney  of  dog 

( ( 



Mucous  membrane  of  small 

intestine  of  dog 

t  ( 

— 

Liver  of  cat 

2  hours 

+ 

Liver  of  hen 

24  hours 

+ 

Liver  of  rabbit 

I  hour 

+ 

Liver  of  rat 

24  hours 

-h 

Liver  of  mouse 

1  ( 

+ 

Liver  of  sheep 

20  hours 

-f- 

Liver  of  frog 

24  hours 

+ 

Liver  of  fish 

(( 
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In  the  above  table  the  sign  -j-  indicates  that  the  odor  of  oil 
of  mustard  developed  in  the  time  indicated,  whereas  the  sign 
—  indicates  that  no  odor  of  oil  of  mustard  was  perceptible. 

It  is  evident  from  these  results  that  the  liver  of  all  animals 
thus  far  investigated,  with  the  exception  of  that  of  the  fish, 
contains  a  ferment  capable  of  effecting  the  hydrolysis  of 
potassium  myronate.  It  is  interesting  to  note  further  that 
the  liver  seems  to  be  the  only  source  of  animal  myrosin. 

Our  results  would  seem  to  warrant  the  further  conclusion 
that,  like  other  complex  carbohydrates  and  glucosides,  potas- 
sium myronate  is  not  directly  assimilable  from  the  blood,  but 
that  when  administered  by  the  mouth  it  is  assimilated,  prob- 
ably through  the  agency  of  the  liver.  In  certai:i  of  our  ex- 
periments it  has  been  observed  that  the  solution  reduced 
Fehling's  solution  before  the  odor  of  mustard  was  noticeable. 
This  would  seem  to  indicate  that  the  hydrolysis  of  this  gluco- 
side  by  animal  myrosin  probably  takes  place  in  two  stages, 
the  first  of  which  results  in  the  splitting  off  of  glucose,  the 
second  in  the  further  breaking-down  of  the  residue  into  oil  of 
mustard  and  potassium  acid  sulphate. 

State  College  of  Kentucky. 
Lexington,  June,  1904. 


ON    THE   OXIDATION    OF    SULPHOCYANIC    ACID 
AND  ITS  SAI.TS  BY  HYDROGEN  PEROXIDE. 

By  J.  H.  Kastle  and  Claude  Robert  Smith. 

In  the  course  of  their  study  of  the  decomposition  of  hydro- 
gen peroxide,  Kastle  and  lyoevenhart^  observed  that  ammo- 
nium sulphocyanate  is  readily  oxidized  by  hydrogen  peroxide 
even  in  the  cold  and  even  in  the  absence  of  oxygen  carriers, 
with  the  production  of  acid  ammonium  sulphate  and  hydro- 
cyanic acid.  It  therefore  occurred  to  one  of  us  (Kastle)  that 
it  might  prove  of  interest  to  study  this  oxidation  somewhat 
more  at  length.  A  few  preliminary  experiments  indicated 
that  the  reaction  would  lend  itself  to  quantitative  measure- 
ments. These  were  carried  out  by  measuring  the  increase  in 
the  acidity  of  the  solution.     Since,  however,  it  was  desired  to 

1  This  Journal,  ap,  397,  563  (1903). 
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employ  phenolphthalein  as  the  indicator,  ammonium  sulpho- 
cyanate  could  not  be  used.  With  the  metallic  sulphocya- 
nates,  however,  and  with  sulphocyanic  acid  itself,  satisfactory 
measurements  have  been  made  by  means  of  this  indicator. 
Generally,  the  experiments  were  carried  out  in  large  test- 
tubes,  in  a  total  volume  of  25  cc.  In  most  of  the  experiments 
the  total  volume  of  25  cc.  consisted  of  10  cc.  of  N/io  sulpho- 
cyanic acid  or  the  sulphocj-anate,  6  cc.  of  M/2  hydrogen  per- 
oxide, the  theoretical  amount,  and  9  cc.  of  water. 

The  hydrogen  peroxide  was  usually  added  last ;  the  time  of 
its  addition  served  to  mark  the  beginning  of  the  experiment. 
At  the  end  of  certain  intervals  5  cc.  of  the  mixture  were 
pipetted  out  and  titrated  with  N/25  potassium  hydroxide, 
using  phenolphthalein  as  the  indicator.  The  effect  of  various 
oxygen  carriers  on  the  progress  of  the  oxidation,  the  effect  of 
increasing  amounts  of  hydrogen  peroxide,  the  effect  of  tem- 
perature, and,  finally,  the  order  and  velocity  of  the  reaction 
have  all  been  investigated.  The  results  of  these  observations 
are  given  in  the  following  pages. 

On  the  Effect  of  Variotis  Oxygen  Carriers  on  the  Progress  of 
the  Oxidation. 

The  influence  of  small  amounts  of  the  following  substances 
on  the  progress  of  the  oxidation  has  been  studied  :  Manga- 
nese chloride,  manganese  dioxide,  silver  nitrate,  potassium 
chloride,  potassium  bromide,  potassium  iodide,  copper  sul- 
phate, copper  nitrate,  copper  acetate,  ferrous  sulphate,  mer- 
curic chloride,  and  platinum  black.  Three  series  of  experi- 
ments were  carried  out,  one  with  potassium  sulphocyanate, 
one  with  barium  sulphocyanate,  and  one  with  sulphocyanic 
acid.  In  the  experiments  with  platinum  black  and  man- 
ganese dioxide  o.  i  gram  of  each  of  these  substances  was  em- 
ployed. Equivalent  quantities  of  the  other  substances  were 
used,  viz.,  2  cc.  of  a  M/50  solution  of  each.  The  results  of 
these  experiments,  together  with  all  other  necessary  data, 
are  given  in  Tables  I.,  II.,  and  III. 
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It  is  evident  from  these  results  that  both  in  the  presence  of 
oxygen  carriers  and  alone  sulphocyanic  acid  is  more  rapidly 
oxidized  by  hydrogen  peroxide  than  either  of  its  salts.  Sec- 
ondly, that  the  oxidation  both  of  the  acid  and  the  two  sul- 
phocyanates  here  employed  is  greatly  accelerated  by  various 
substances,  notably  by  those  which  have  been  found  to  effect 
the  decomposition  of  hydrogen  peroxide.  Prominent  among 
these  are  chrome  alum,  copper  sulphate  and  nitrate,  and  fer- 
rous sulphate.  The  salts  of  nickel  and  cobalt  also  accelerated 
the  oxidation  of  the  sulphocyanic  acid,  and  to  about  the  same 
extent  each,  whereas  they  exercised  but  little  influence  on 
the  oxidation  of  the  salts.  Still  another  point  of  interest  is 
that  platinum  black,  manganese  dioxide,  and  potassium 
iodide,  all  of  which  have  been  found  to  accelerate  the  oxida- 
tion of  certain  other  substances  by  hydrogen  peroxide,  are  in 
this  case  practically  without  influence  on  the  rate  of  oxida- 
tion. 

Determination  of  the  Order  and  Velocity  of  the  Reaction. 

The  oxidation  of  sulphocyanic  acid  by  hydrogen  peroxide 
is  probably  represented  by  the  following  equation  : 

HCNS  -f  3HA  =  HCN  +  H,SO,  +  2H,0. 

If  such  is  the  case,  the  reaction  in  question  is  apparently  of 
the  fourth  order.  As  but  few  reactions  of  high  molecular 
order  have  ever  been  experimentally  studied  it  occurred  to  us 
that  it  might  prove  of  interest  to  determine  the  order  of  this 
reaction  and  also  to  determine  the  velocity  of  the  reaction  un- 
der different  conditions. 

Accordingly  the  order  of  the  reaction  was  determined  by 
van't  Hoff's  method,  as  follows  :  Two  flasks,  A  and  B,  of 
50  cc.  and  100  cc.  capacity,  respectively,  were  prepared  thus  : 
A  received  20  cc.  N/io  sulphocyanic  acid,  12  cc.  M/2  hydro- 
gen peroxide,  and  18  cc.  of  water;  B  received  the  same 
amount  of  acid  and  peroxide,  but  the  water  added  to  it  was 
68  cc.  These  two  flasks  contained,  therefore,  the  same 
amounts  of  reacting  substances  but  in  different  concentrations, 
the  concentration  of  one  being  twice  that  of  the  other,  the 
unit  of  volume  being  50  cc.     These  were  allowed  to  remain 
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for  thirty  minutes  at  ordinary  temperature,  care  being  taken 
that  both  were  under  the  same  conditions.  At  the  end  of  this 
time  10  cc.  were  pipetted  out  from  the  50 cc.  flask  and  titrated 
with  N/25  potassium  hydroxide.  It  required  14.15  cc,  sub- 
tracting the  initial  acidity,  equivalent  to  10.12  cc.  of  N/25 
potassium  hydroxide;  the  amount  of  acid  formed  was  equal  to 
4.03  cc. ,  and  the  total  acidity  five  times  that  amount ;  namely, 
20.15  cc.  We  may  tabulate  these  results,  therefore,  as  fol- 
lows : 

Time  in  minutes.  Concentration. 

o  50.00 

30  29.85 


Mean  concentration,     39.925 

Twenty  cc.  from  the  second  flask,  at  the  end  of  thirty  min- 
utes, required  11.50  cc.  N/25  potassium  hj'droxide,  that  is, 
the  acid  formed  was  equivalent  to  1.38  of  N/25  potassium  hy- 
droxide, and  hence  the  total  acid  generated  was  equivalent  to 
five  times  that  amount  ;  namely,  6.9  cc. 

Hence  in  the  unit  of  volume  at  the  second  concentration  the 
acid  formed  was  equivalent  to  3.45  cc.  N/25  potassium  hy- 
droxide. These  results,  therefore,  may  be  tabulated  as  fol- 
lows : 

Time  in  minutes.  Concentration. 

o  25.00 

30  21.65 

Mean  concentration,     23.275 

Substituting  these  several  values  in  van  't  Hoff's  equation, 
we  arrive  at  the  number  representing  the  order  of  the  reac- 
tion under  consideration  : 

,       (fl'Ci      ^CJ  dZ,      ,      dC. 


"    -       log  (C,  :  C,)         -     ^°S  logC-logC, 
dt  30 


dC^     _     25  —  21.55 
dt  30 


=     0.115  ;     C,  =  23.275, 
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loge  0.6716  —  —0.3981  ;  lege  o. 115  =  — 8.21626. 

loge  39-9^5  =  3-6870  ;  lege  23.275  —  3.1474. 

Therefore, 

_   — 0.3981  —  ( — 2.1626)      _      1.7645      

~  3.6870—3.1474  "      0.5396      ~     ■^'^'^' 

It  would  seem  reasonable  to  conclude,  therefore,  that  the 
change  under  investigation  is  one  of  the  third  order.  lyooked 
at  from  this  standpoint,  the  oxidation  of  sulphocyanic  acid  by 
hydrogen  peroxide  probably  takes  place  in  two  entirely  dis- 
tinct and  independent  stages,  the  first  of  which  leads  to  the 
production  of  hydrocyanic  acid  and  sulphur  dioxide,  the  sec- 
ond involving  the  further  oxidation  of  the  sulphur  dioxide  to 
sulphuric  acid.     Thus  we  would  have  : 

HCNS  -f  2HA  =  HCN  -f  2H,0  +  SO^ ; 
and  SO,  +  H,0,  —  H,SO,. 

It  is  known  that  the  oxidation  of  aqueous  solutions  of  sul- 
phur dioxide  by  hydrogen  peroxide  takes  place  with  great 
rapidity  at  ordinary  temperatures.  Hence  the  amount  of  sul- 
phuric acid  formed  in  a  given  time  would  depend  entirely  on 
the  amount  of  sulphur  dioxide  produced  in  the  first  phase  of 
the  oxidation.  The  first  phase  of  the  oxidation,  however,  is 
clearl}'  a  trimolecular  process.  These  facts  are  in  keeping 
with  all  that  is  generally  known  concerning  the  conduct  of 
sulphur  and  its  compounds  on  oxidation,  viz.,  that  the  forma- 
tion of  sulphur  dioxide  always  marks  the  first  phase  of  such 
processes. 

With  the  view  of  determining  the  velocity  constant  of  the 
reaction  the  following  experiments  were  carried  out  : 

Two  flasks,  A  and  B,  were  prepared,  each  containing  40  cc. 
of  N/io  sulphocyanic  acid,  24  cc.  of  M/2  hydrogen  peroxide, 
and  36  cc.  of  water.  These  flasks  were  allowed  -to  stand  at 
room  temperature,  17°. 5  C.  At  the  end  of  certain  intervals 
20  cc.  of  the  mixture  were  withdrawn  from  the  flask  by  means 
of  a  pipette  and  titrated  with  N/25  potassium  hydroxide. 
After  making  the  necessary  allowance  for  the  initial  acidity 
of  the  mixture  the  following  results  were  obtained  : 
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Time  in 
minutes. 

Volume  N/25  KOH 

required. 

A.                      B. 

cc.                   cc. 

c. 

A. 

B. 

30 

3.69           3-79 

0.0000009260 

0.0000009260 

60 

5-99           5-99 

0.0000009642 

0.0000009642 

90 

7-79           7-94 

0.0000010537 

0.0000010970 

120 

8.99           9.09 

0.00000 I 090 I 

0.00000 1  1940 

150 

10.09         10.24 

O.OOOOOIIO73 

O.OOOOOII519 

The  several  values  of  C  are  calculated  according  to  the 

T      Tc(  O  PK.  — —  TCi 

equation  for  a  reaction  of  the  third  order,  C  =  — .       ,  . ; . 

X   2  A  (^  A      X  ) 

It  will  be  observed  that  in  this  series  of  experiments  the 
velocity  of  the  reaction  slightly  increases  as  the  reaction  pro- 
ceeds. It  was  thought  perhaps  that  this  slight  increase 
might  be  due  to  a  slight  rise  of  temperature  during  the  prog- 
ress of  the  experiment.  It  seemed  desirable,  therefore,  to 
conduct  a  series  of  experiments  at  a  perfectly  constant  tem- 
perature. Accordingly,  two  flasks  were  prepared,  each  con- 
taining 40  cc.  N/io  sulphocyanic  acid,  24  cc.  M/2  hydrogen 
peroxide,  and  36  cc.  of  water.  During  the  interval  of  experi- 
mentation the  flasks  were  kept  in  a  bath  of  cracked  ice.  At  the 
end  of  certain  intervals  20  cc.  of  the  solution  were  withdrawn 
from  the  flask  by  means  of  a  pipette  and  titrated  with  N/25 
potassium  hydroxide.  The  results  of  this  series  of  measure- 
ments are  given  in  the  table  below,  correction  being  made  for 
the  initial  acidity  of  the  solution. 


Time  in 
minutes. 


30 

60 

90 

120 


Volume  N/25  KOH 

required. 

A.         B. 

cc.        cc. 

1.24    1.24 
2.19    2.19 

3.09   3.09 

3-99    3-99 


0.0000002494 
0.0000002389 
0.0000002441 
0.0000002581 


B. 


0.0000002494 
0.0000002389 
0.0000002441 
0.0000002581 


Average,     0.0000002476 


A   similar  series  of  experiments  with   potassium  sulpho- 
cyanate  at  17°. 5  C.  gave  the  following  results  : 
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Volume  N/25  KOH 
Time  in  required.  C 

minutes.  A.  B.  A. 


30  0.61  0.61  0.0000001065  0.0000001065 

60  1. 1 1  I.Il  0.0000001008  0.0000001008 

90  1. 61  1. 61  O.OOOOOOIOI5  O.OOOOOOIOI5 

120  2.06  2.  1 1  0. 0000001012  0.0000001042 

150  2.51  2.51  0.000000I02I  O.00000OI02I 


Average,     0.0000001024         0.0000001030 

We  see  thus  that  in  the  process  under  consideration  it  is 
possible  to  obtain  fairly  constant  values  for  the  coefl&cient  of 
velocity  of  a  reaction  of  the  third  order. 

Finally,  it  has  been  observed  that  a  rise  of  temperature  of 
10"  C.  nearly  doubles  the  velocity  of  the  reaction.  That  such 
is  the  case  may  be  seen  from  the  following  : 

Time  in  minutes.       Velocity  constant  at  o°  C.  .  Velocity  constant  at  io°  C. 

30  0.0000002494  0.0000004649 

60  0.0000002389  0.0000004633 


Average,     0.00000024415  0.0000004641 

Ratio  of  velocities  at  T  and  (T-|-  10)  1.90 

This  is  in  accord  with  the  generalizations  of  van  't  Hoff  re- 
specting the  influence  of  temperature  on  chemical  change. 

State  College  of  Kentucky, 
Lexington,  June,  1904. 
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VII.— THE  PREPARATION  OF  AROMATIC  NITROSO 
COMPOUNDS. 

By  Frederick  J.  Alway. 

Up  to  the  present  time  there  has  been  developed  no  method 
of  general  application  for  the  preparation  of  those  aromatic 
nitroso  compounds  in  which  the  nitrogen  is  attached  to  a  car- 
bon atom  and  of  which  nitrosobenzene  is  the  simplest  example. 
While,  within  recent  years,  a  large  number  of  the  nitroso 
compounds  has  been  prepared,  the  fact  that  such  compara- 
tively simple  compounds  as  m-nitrosobenzoic  acid  and/>-nitro- 
sobenzoic  acid  have  not  hitherto  been  obtained,  indicates  the 
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want  of  some  general  method  of  procedure.  Nearly  all  the 
nitroso  compounds  at  present  known  are  readily  volatile  with 
steam  and,  so,  are  easily  separated  from  other  compounds 
formed  at  the  same  time.  The  method  that  has  been  used  in 
preparing  most  of  the  members  of  this  class  is  that  of  Bam- 
berger,^ which  consists  in  the  oxidation  of  the  /3-alphylhy- 
droxylamines  obtained  by  the  action  of  zinc  dust  and  an  am- 
monium salt  solution  upon  the  corresponding  nitro  com- 
pounds. When  the  resulting  substance  was  not  the  pure 
nitroso  compound,  distillation  with  steam  was  used.  The 
oxidation  of  amido  compounds  by  means  of  Caro's  reagent' 
has  also  been  used  by  Bamberger'  and  to  a  limited  extent  by 
others*  in  the  preparation  of  the  same  class  of  substances. 
The  bright-green  color  of  all  nitroso  compounds  in  solution 
and  the  characteristic  odor  of  most  of  them  made  them  easj' 
of  recognition.  i7-Nitrosobenzoic  acid,  which  is  not  volatile 
with  steam,  has  been  prepared  by  E.  Fischer*  by  the  oxida- 
tion of  the  phenyloxindol  obtained  from  benzoinoxime,  using 
potassium  permanganate  as  an  oxidizing  agent,  and  by  Cia- 
mician  and  Silber*  by  allowing  solutions  of  o-nitrobenzaldehyde 
to  stand  exposed  to  the  sunlight.  The  reaction  in  the  latter 
case  takes  place  according  to  the  following  equation  : 

O.N.CeH^.CHO     —     ON.CeH^.CO.OH. 

Similarly,  Sachs  and  Kempf"  have  obtained /-chlor-^-nitro- 
sobenzoic  acid  from  the  corresponding  /-chlor-^-nitrobenzal- 
dehyde. 

In  a  former  publication*  I  have  pointed  out  that  ;!>-nitroso- 
benzaldehyde,  while  readily  volatile  with  steam  when  freshly 
prepared  by  oxidizing  />-hydroxylaminobenzaldehyde,  is  not 
volatile  after  it  has  been  preserved  for  some  time.  It  can, 
however,  be  changed  back  into  the  volatile  form  b}'  fusion  or 

1  Ber.  d.  chem.  Ges.,  28,  245,  1218  (1895). 

2  Chem.  Centrbl.,  II.,  190  C1899). 

5  Ber.  d.  chem.  Ges.,  36,  3803  (1903). 

*  /did.,  35,  3034  (1902). 

5  Ibid.,  39,  2064  (1896). 

^  Ibid.,  34,  2040  (1901)  ;  35,  1080,  1897,  3596  (1902). 

^  Ibid.,  36,  3302  (1903). 

'  J.  Am..  Chem.  Soc,  24,  1059  (1902). 
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by  solution  in  alcohol  or  in  acetic  acid.  Later,'  I  found  that 
when  zinc  dust  was  added  to  the  alcoholic  solution  of />-nitro- 
benzaldehyde  containing  acetic  acid  the  zinc  dissolved  rapidly 
until  the  amount  approximately  corresponding  to  the  equation 

0,N.CeH,.CHO  +  2Zn  +  4C,HA     = 

HO.NH.CeH,.CHO  +  H,0  +  2Zn(C,H30,), 

had  disappeared,  the  solution  assuming  an  orange  color.  The 
further  addition  of  zinc  produced  no  change.  Zinc  and  acetic 
acid  acted  similarly  upon  other  nitro  compounds,  including 
the  nitrobenzoic  acids  as  well  as  those  nitro  compounds  from 
which  nitroso  compounds  had  been  prepared.  While  the  re- 
duction-products of  the  latter  gave,  upon  oxidation  and  dis- 
tillation with  steam,  green  distillates,  the  former  gave  color- 
less distillates.  As,  in  most  cases,  the  nitroso  compounds 
were  more  readily  volatile  with  steam  than  the  corresponding 
nitro  compounds,  and  as  the  nitrobenzoic  acids  were  not  vola- 
tile with  steam,  an  investigation  of  the  possibility  of  preparing 
nitroso  compounds  from  non-volatile  nitro  compounds  was 
undertaken  in  this  laboratory.  With  the  exception  of  o-nitro- 
benzoic  acid  and  ^-nitrocinnamic  acid,  all  the  nitro  compounds 
so  far  worked  with  have  given  nitroso  compounds.  Farther, 
as  in  the  case  of  ^-nitrosobenzaldehyde,  w-nitrosobenzalde- 
hyde,  and  the  nitrosobenzoic  esters  the  corresponding  azoxy 
compounds  were  formed  at  the  same  time  by  the  oxidation  of 
the  ^-hydroxylamines,  it  seemed  probable  that  the  oxidation- 
product  of  the  substances  obtained  by  the  action  of  zinc  dust 
and  acetic  acid  upon  the  nitro  acids  was  chiefly  a  mixture  of 
nitroso  and  azoxy  acids.  Following  this  hypothesis  four 
non- volatile  nitroso  acids  have  been  isolated  in  this  labora- 
tory, viz.,  m-nitrosobenzoic  acid,  />-nitrosobenzoic  acid,  m-ni- 
trosocinnamic  acid,  and  /»-nitrosocinnamic  acid.  The  phe- 
nomena observed  upon  the  oxidation  of  the  <7-hydroxylamino 
acids  were  quite  different  from  those  observed  in  the  other 
cases.  No  attempt  was  made  to  isolate  any  of  the  hydroxyl- 
amino  compounds  except  that  obtained  from  /-nitrobenzalde- 
hyde.' 

1  Ber.  d.  chem.  Ges.,  36,  793,  2303  (1903)- 
*  J.  Am.  Chem.  Soc,  24,  1057  (1902). 
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The  w- and />-nitrosobenzoic  and  the  w- and/>-nitrosocin- 
namic  acids  are  not  volatile  with  steam.  They  decompose 
without  melting.  /-Nitrosobenzoic  acid  and/)-nitrosocinnamic 
acid  pass  more  or  less  completely,  on  standing,  into  insoluble 
modifications.  The  latter  dissolve,  however,  in  hot  sodium 
carbonate  solution,  from  which  they  are  precipitated  by  acids 
in  a  form  soluble  in  ordinary  solvents. 

While  all  other  nitroso  compounds  of  this  class  are  color- 
less or  some  shade  of  green  or  blue  in  the  solid  form,  /-nitroso- 
benzoic  acid  and  its  esters,  as  well  as  /-nitrosocinnamic  acid 
and  its  esters,  /-nitrosobenzaldehyde  and  /'-nitronitrosoben- 
zene,^  are  yellow.  All  the  yellow  nitroso  compounds,  except 
the  cinnamic  series,  form  green  solutions.  The  cinnamic 
compounds  form  yellowish-green  or  greenish-yellow  solutions. 

In  view  of  the  results  already  obtained,  the  following 
method  is  suggested  as  one  likely  to  indicate  the  best  means 
of  obtaining  any  nitroso  compound  that  has  not  hitherto  been 
prepared  :  First,  determine  the  volatility  of  the  corresponding 
nitro  compound.  If  it  is  volatile  with  steam  reduce  it  in  al- 
coholic solution  by  means  of  zinc  dust  and  acetic  acid.  Treat 
the  reduction-product  with  ferric  chloride  solution  and  sub- 
ject the  mixture  at  once  to  the  action  of  steam.  If  the  nitro 
compound  is  not  volatile  with  steam  proceed  as  above  as  far 
as  the  oxidation.  Wash  the  oxidation-product  well  with 
water  in  order  to  remove  as  much  as  possible  of  the  ferric 
chloride,  as  small  quantities  of  ferric  compounds  hide  the 
characteristic  color  of  the  nitroso  compounds  in  solution. 
Extract  the  residue  at  once  with  a  hot  solvent.  (Alcohol  has 
proven  the  most  satisfactory  solvent  in  the  reactions  so  far 
studied.)  Repeated  solution  and  reprecipitation  may  in  some 
cases  be  found  necessary  in  order  to  remove  the  ferric  salts 
sufficiently  to  allow  the  characteristic  color  to  appear.  In 
some  cases  zinc  dust  and  an  ammonium  salt  solution  may  be 
found  to  give  a  better  yield  of  the  nitroso  compound.  Where 
it  is  preferable  to  prepare  the  nitroso  compound  from  the 
amido  compound  the  determination  of  the  volatility  of  the  ni- 
tro compound  will  indicate   the   method  to  be  used  in  separa- 

'  Ber.  d.  chem.  Ges.,  36,  3809  (1903). 
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ting  the  nitroso  from  the  accompanjung  azox}^  compound. 
Bamberger  and  Hiibner^  have  shown  that  the  two  form  at  the 
same  time  when  the  amido  compounds  are  oxidized  by  Care's 
reagent. 

A  brief  notice  regarding  the  preparation  of  m-  and  /-nitro- 
sobenzoic  acids  has  already  been  published  elsewhere.''  Some 
modifications  of  the  methods  there  outlined  have  since  been 
found  desirable. 

EXPERIMENTAI<. 

p-Nitrosobenzoic  Acid,  ON.CjH^.COOH. — Five  grams  of 
/-nitrobenzoic  acid  were  dissolved,  by  the  aid  of  heat,  in  or- 
dinary alcohol.  This  solution  was  rapidly  cooled  to  the  tem- 
perature of  the  room  so  that  any  acid  that  separated  out 
might  be  in  a  fine  state  of  division.  After  adding  10  cc.  of 
glacial  acetic  acid  and  shaking  the  mixture  well,  5  grams  of 
zinc  dust  were  added  in  small  portions,  with  constant  agita- 
tion. The  mixture  became  warm,  the  greater  part  of  the  zinc 
dissolved,  and  the  solution  assumed  an  orange  color.  The 
crude  reduction-product  was  poured  into  a  cold  10  per  cent 
ferric  chloride  solution  and  the  mixture  warmed  to  45°.  A 
yellow,  flocculent  precipitate  formed.  This  was  filtered  out 
and  washed  thoroughly  on  the  filter  with  water  to  remove  as 
much  as  possible  of  the  adhering  ferric  compounds.  The 
moist  residue  was  boiled  with  ordinary  alcohol  and  the  green 
alcoholic  solution  filtered  from  the  dark  colored  residue. 
This  extraction  was  repeated  with  fresh  portions  of  alcohol 
until  the  filtrates  ceased  to  be  green.  A  gray,  insoluble  sub- 
stance remained.  When  the  oxidation-product  was  allowed 
to  dry  before  treatment  with  hot  alcohol  the  whole  of  it  be- 
came insoluble.  On  standing,  a  yellow  powder  separated 
from  the  green  solution. 

0.2830  gram  substance  gave  23.7  cc.  moist  N  at  14°  and 
730  mm. 

Calculated  for 

CyHsOsN.  Found. 

N  9.3  9-4 

1  Ber.  d.  chem.  Ges.,  36,  3803  (1903). 
«/*irf.,37,  333  (1904)- 
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^-Nitrosobenzoic  acid  forms  a  yellow  powder  without  dis- 
tinct crystal  form.  It  decomposes  above  250°  without  melt- 
ing. On  drying,  it  becomes  insoluble  in  ordinary  solvents. 
A  specimen  that  had  been  preserved  five  months  was  quite 
insoluble  in  boiling  alcohol,  acetic  acid,  and  benzene ;  it  dis- 
solved in  hot  sodium  carbonate  solution  with  a  yellowish- 
green  color.  This  solution,  when  rendered  acid,  gave  a  yel- 
low, amorphous  precipitate,  which,  while  still  moist,  dissolved 
in  hot  alcohol  with  a  green  color.  j!^-Nitrosobenzoic  acid  dis- 
solves in  ammonia  with  a  yellowish-green  color.  It  is  not 
volatile  with  steam.  With  aniline  it  condenses  to  benzene-/"- 
azobenzoic  acid. 

Benzene-p-azobenzoic  Acid, 

. — -/-Nitrosobenzoic     acid 
-COOH 

was  treated  with  an  excess  of  aniline  dissolved  in  glacial  acetic 
acid  and  the  mixture  heated  to  boiling  until  the /»-nitrosoben- 
zoic  acid  had  entirely  dissolved.  The  reddish-brown  solution 
thus  obtained  was  cooled  and  then  treated  with  dilute  nitric 
acid.  A  reddish-brown  precipitate  formed.  This  was  fil- 
tered out  and  twice  recrystallized  from  alcohol.  The  acid 
formed  orange  crystals  melting  at  240°  (uncorr.).  The  same 
acid  had  previously  been  prepared  by  other  methods.^ 

m-Nitrosobenzoic  Acid,  ON.CjH^.COOH. — Five  grams  of 
w-nitrobenzoic  acid,  dissolved  in  50  cc.  of  ordinary  alcohol, 
were  treated  with  10  cc.  of  glacial  acetic  acid  and  then  with  5 
grams  of  zinc  dust.  The  last  was  added  in  small  portions 
with  constant  shaking.  The  mixture  became  warm,  most 
of  the  zinc  dissolved,  and  a  clear  light-yellow  solution 
was  formed.  The  unchanged  zinc  was  filtered  out  and  the 
filtrate  poured  into  a  10  per  cent  solution  of  ferric  chloride. 
A  yellow  solid  rose  to  the  surface  of  the  mixture  on  standing. 
This  was  filtered  out,  washed  on  the  filter  with  water,  and 

1  Ber.  d.  chem.  Ges.,  19,  3023  (1S86)  ;  Ann.  Chem.  (Liebig),  303,  384  (1881). 
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extracted  with  boiling  alcohol,  as  described  above  in  the  case 
of  the  isomeric  acid.  There  was  thus  obtained  a  brown  solu- 
tion, while  a  gray  insoluble  substance  remained  on  the  filter. 
The  brown  solution,  when  diluted  with  water  and  allowed  to 
stand,  gave  a  light-colored  precipitate.  The  latter  was 
washed  with  water  repeatedl}'  by  decantation  and  finally  on  a 
suction-filter.  On  recrystallization  from  alcohol  it  formed  a 
white  solid  without  distinct  crj^stal  form. 

0.1092  gram  substance  gave  9.1  cc.  moist  N  at  14°  and  723 
mm. 

Calculated  for 

CrHsOaN.  .  Found. 

N  9-3  9-3 

w-Nitrosobenzoic  acid,  when  heated,  blackens  at  230°  with- 
out melting.  It  is  not  volatile  with  steam.  It  forms  green 
solutions.  With  /-toluidine  it  forms  />-toluene-7«-azobenzoic 
acid. 

p-  Toluene-m-azobenzoic  Acid, 


-N:=N— /  \— COOH 

.  —  A    mixture    of 


CH, 


?«-nitrosobenzoic  acid,  /»-toluidine,  and  glacial  acetic  acid 
was  heated  to  boiling  for  five  minutes.  The  brown  solution 
thus  obtained  was  cooled  and  treated  with  dilute  nitric  acid. 
A  brown  solid  separated  out.  This  was  filtered  out  and  re- 
crystallized  from  alcohol  several  times.  The  acid  forms 
orange  crystals  melting  at  192°  (uncorr.).  Lob^  has  obtained 
the  same  compound  by  the  electrolytic  reduction  of  a  mixture 
of /-nitrotoluene  and  w-nitrobenzoic  acid. 

The  gray  residues  obtained  by  extracting  the/-  and  m-vX- 
trosobenzoic  acids  from  the  oxidation-products  were  soluble 
in  ammonia.  The  ammoniacal  solutions,  when  rendered  acid 
by  the  addition  of  mineral  acids,  gave  light-colored  precipi- 
tates. When  the  latter  were  filtered  out  and  dried  they  were 
found  to  be  insoluble  in  ordinary  solvents,  and  when  heated 

1  Ber.  d.  chera.  Ges.,  31,  2204  (1898). 
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they  decomposed  without  melting.  These  properties,  to- 
gether with  their  method  of  formation,  serve  to  identify  them 
as  the  azoxy  acids. ^ 

^-Nitrobenzoic  acid,  when  treated  with  zinc  dust  and  acetic 
acid,  gave  a  yellow  solution.  This  reduction-product,  when 
treated  with  ferric  chloride  solution,  gave  red  or  indigo-blue 
substances,  according  to  the  conditions  of  reaction.  No  ni- 
troso  compound  was  separated  from  these  oxidation-products. 

No  attempt  was  made  to  isolate  the  hydroxylamino  acids. 

University  Place,  Nebraska, 
June  15,  1904. 
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VIII.— THE    NITROSOCINNAMIC    ACID3    AND 
ESTERS. 

By  Frederick  J.  Alway  and  Walter  D.  Bonner. 

The  volatility  of  the  nitroso  compounds  is,  in  most  cases, 
only  slightly  greater  than  that  of  the  corresponding  nitro 
compounds.  ?«-Nitrocinnamic  acid  and/»-nitrocinnamic  acid 
are  not  volatile  with  steam,  but  their  ethyl  and  methyl  esters 
are  volatile,  though  with  difl&culty.  We  have  found  that  the 
nitroso  compounds  are  very  similar  in  their  behavior  toward 
steam  to  these  nitro  compounds.  This  fact  renders  their 
purification  very  difficult  and  the  yields  of  pure  substance  ex- 
tremely small.  The  para  compounds  are  yellow,  like  the 
^-nitrosobenzoic  compounds.  The  ethyl  and  methyl  esters  of 
/-nitrosocinnamic  acid  exist  also  in  an  instable,  green  modi- 
fication. While  w-nitrosocinnamic  acid  is  colorless,  its  ethyl 
ester  forms  green  crystals.  Attempts  to  obtain  iJ-nitrosocin- 
namic  acid  were  unsuccessful.  Evidently  the  corresponding 
azoxycinnamic  acids  are  formed  together  with  the  m-  and 
/-nitrosocinnamic  acids. 

EXPERIMENTAL. 

p-Nitrocinnamic  Acid,  0,N.C6H,.CH  :  CH.COOH.— This 
compound  was  prepared  by  heating,  for  eight  hours,  a  mix- 
ture of  30  grams  acetic  anhydride,  22  grams  of  ^-nitrobenzal- 
dehyde,  and  10  grams  of  powdered  anhydrous  sodium  acetate. 

1  J.  Chem.  Soc.  (London),  73,  146;  Ann.  Chem.  (Liebig),  196,  18. 
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The  flask  containing  this  mixture  was  fitted  with  an  air-con- 
denser and  heated  in  an  oil-bath  kept  at  a  temperature  of  180' 
by  means  of  a  thermoregulator.  The  reaction-product  was 
distilled  with  steam  until  the  odor  of  nitrotoluene  could  no 
longer  be  detected  in  the  distillate.  The  crude  /-nitrocin- 
namic  acid  was  dissolved  in  sodium  carbonate  solution.  Af- 
ter filtering  this  solution  from  any  undissolved  substance  it 
was  rendered  acid  by  means  of  hydrochloric  acid.  The 
^-nitrocinnamic  acid  separated  out  in  almost  colorless,  needle- 
shaped  crystals.  The  yield  was  about  90  per  cent  of  the  theo- 
retical amount. 

p-Nitrosodnnamic  Add,  ON.CjH^.CH  :  CH. CO. OH. —Two 
grams  of  finely  divided  /-nitrocinnamic  acid  were  placed  in  a 
flask  together  with  4  cc.  of  glacial  acetic  acid  and  50  cc.  of 
alcohol.  The  contents  of  the  flask  were  then  well  shaken  and 
immediately  treated  with  2  grams  of  zinc  dust.  The  mixture 
at  once  became  green  in  color  and  warm.  After  ten  minutes, 
during  which  the  contents  of  the  flask  were  kept  well  agita- 
ted, the  unchanged  zinc  was  filtered  out  and  the  clear,  orange 
filtrate  poured  into  a  10  per  cent  ferric  chloride  solution, 
which  was  kept  at  40°  to  60°.  The  yellow  solid,  that  separa- 
ted out,  was  filtered  out,  washed  with  water,  and  extracted 
with  boiling  alcohol,  a  brown,  insoluble  substance  remaining 
on  the  filter.  The  alcoholic  extract,  which  had  a  greenish- 
3'ellow  color,  deposited,  on  standing,  a  yellow  solid.  A 
further  deposit  was  obtained  by  the  addition  of  water  to  the 
filtrate  from  the  first.  The  solid  substance  was  brownish- 
yellow  in  color  and  a  nitrogen  determination  showed  that  it 
was  impure.  The  yield  of  crude  acid  was  small  and  the  loss 
attending  each  recrystallization  was  very  large.  After  the 
third  recrystallization  from  alcohol  the  substance  was  of  a 
yellow  color,  with  only  a  trace  of  brown.  A  nitrogen  deter- 
mination showed  that  it  was  still  slightly  impure. 

0.2814  gram  substance  gave  19.2  cc.  moist  N  at  23°  and 
730  mm. 

Calculated  for 

C9H7O3N.  Found. 

N  7.9  7-4 
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By  further  recrystallization  a  small  amount  of  the  acid  was 
obtained  that  had  a  pure  yellow  color,  without  a  tint  of  brown. 
There  was  not  enough  of  this  pure  acid,  however,  for  an 
analysis. 

/•-Nitrosocinnamic  acid  forms  a  yellow  powder  of  indistinctly 
crystalline  form.  It  does  not  melt,  but  blackens  when  heated 
above  220°.  When  freshly  prepared  it  is  soluble  in  alcohol 
and  in  glacial  acetic  acid,  giving  yellowash-green  or  greenish- 
yellow  solutions.  After  having  been  preserved  in  a  dry  state 
for  several  da3'S  a  part  of  it  was  found  to  be  insoluble  in  alco- 
hol. This  portion  was  found  to  dissolve  readily  in  sodium 
carbonate  solution  with  a  yellowish- brown  color.  On  acidi- 
fying this  solution,  a  yellow  precipitate  was  formed.  The 
latter  dissolved  in  hot  alcohol  with  a  greenish-yellow  color. 

Ethyl p-Nitrocinnamic Ester ,  Oi,N.C6H,.CH  :  CH.CO.OC^Hs. 
— This  compound  was  prepared  by  heating  2  grams  of />-nitro- 
cinnamic  acid  with  20  cc.  of  absolute  alcohol  and  i  cc.  of 
concentrated  sulphuric  acid,  on  the  water-bath  with  return- 
condenser,  for  three  hours.  The  reaction-mixture  was  cooled, 
treated  with  water,  and  then  with  an  excess  of  sodium  car- 
bonate solution.  The  undissolved  solid  was  filtered  out  and 
recrystallized  from  alcohol.  The  yield  was  almost  quantita- 
tive. The  ester  crystallizes  from  alcohol  in  brown  needles, 
melting  at  137°  (uncorr. ).  On  being  subjected  to  the  action 
of  steam  the  ester  volatilizes  slowly,  collecting  in  the  receiver 
as  white  needles,  which  melt  at  141°  to  142°  (uncorr.). 
About  0.2  gram  of  ester  was  carried  over  by  1,000  grams  of 
water  vapor. 

Ethyl p- Niirosocinnain ic  Ester, 
ON.CgH,.CH  :CH  iCO.OC^H^.— Five  grams  of  finely  divided 
ethyl  /:>-nitrocinnaraic  ester  were  treated  with  75  cc.  of  alco- 
hol and  12  cc.  of  glacial  acetic  acid.  Zinc  dust  was  then 
added  in  small  quantities,  with  constant  agitation,  until  the 
zinc  was  no  longer  dissolved.  The  mixture  was  then  of  an 
orange  color.  After  standing  ten  minutes  the  reduction-prod- 
uct was  poured,  with  constant  stirring,  into  a  10  per  cent  fer- 
ric chloride  solution.     When  the  mixture  was  warmed,  a  yel- 
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low  solid  separated  out.  The  crude  oxidation-product  was 
distilled  with  steam,  a  greenish-yellow  liquid  collecting  in  the 
receiver,  while  a  brown  solid  remained  in  the  distilling-flask. 
On  standing  over  night  yellow  crystals  separated  from  the 
distillate.  The  yield  of  nitroso  compound  varied  from  10  to 
15  per  cent  of  the  theoretical  amount.  It  was  found  wasteful 
to  place  the  reduction-product  of  more  than  2  grams  of  the 
nitro  compound  in  the  distilling-flask  at  one  time.  Prolonged 
contact  with  boiling  water  seems  to  change  the  nitroso  com- 
pounds into  azoxy  compounds.'  After  one  recr5'stallization 
from  aqueous  alcohol  the  ester  was  pure. 

0.1202  gram  substance  gave  8.1  cc.  moist  N  at  23°  and  724 
mm. 

Calculated  for 
CuHnOsN.  Found. 

N  6.8  7.2 

Ethyl  /-nitrosocinnamic  ester  forms  yellow  needles,  which 
melt  at  72''  to  73°  to  a  green  liquid.  It  forms  greenish-yellow 
solutions  in  alcohol,  benzene,  and  acetic  acid.  On  one  occa- 
sion distinctly  green  crystals,  of  the  ester  were  obtained,  but 
before  they  were  dried  they  had  changed  to  the  yellow  form, 
melting  at  72°  to  73'. 

Methyl p-Nitrocin7iamic  Ester, 
0,N.CgH,.CH  :  CH.CO.OCH3.— This  compound  was  prepared 
from  />-nitrocinnamic  acid  and  methyl  alcohol  by  the  same 
method  as  the  ethyl  ester.  The  yield  was  about  90  per  cent 
of  the  theoretical  amount.  Like  the  ethjd  ester,  it  volatilized 
very  slowly  in  a  current  of  steam,  collecting  in  the  receiver  in 
the  form  of  colorless  crystals,  melting  at  160°  (uncorr.). 

Methyl  p- Nitrosocinnamic  Ester, 
ON.CjH^.CH  :  CH.CO.OCH,.— One  gram  of  the  nitro  ester 
was  dissolved  in  boiling  alcohol  and  treated  with  2  cc.  of 
glacial  acetic  acid.  The  hot  solution  was  cooled  under  the 
tap  so  that  the  nitro  ester  would  be  in  a  fine  state  of  division. 
Zinc  dust  was  added  to  the  mixture  until,  on  warming  gently, 
the  zinc  ceased  to  dissolve.  The  mixture  became  first  green, 
then  brown,  and  lastly  yellow.     It  was  then  poured  into  fer- 

'  Ber.  d.  chem.  Ges.,  36,  3S06  (1903). 
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ric  chloride  solution,  which  gave  a  yellow  precipitate.  On 
distilling  the  oxidation-product  with  steam  a  yellowish- green 
solution  collected  in  the  receiver  while  a  brown  solid  remained 
in  the  distilling-flask.  Lemon-yellow,  needle-shaped  crystals 
separated  from  the  distillate.  The  melting-point  of  these 
crystals  was  not  raised  by  recrystallization, 

0.2040  gram  substance  gave  13.6  cc.  moist  N  at  24°  and 
732  mm. 

Calculated  for 

CioHgOsN.  Found. 

N  7.3  7.2 

Methyl />-nitrosocinnamic  ester  forms  lemon-yellow  needles, 
melting  at  111°  to  112°  (uncorr.)  to  a  green  liquid.  The  lat- 
ter, on  cooling,  forms  a  green  solid,  which,  on  standing  ex- 
posed to  the  sunlight  a  few  days,  changes  to  the  yellow  form. 
On  several  occasions  green  crystals  collected  in  the  condenser. 
After  these  had  been  dried  in  the  dark  they  could  be  left  ex- 
posed to  the  light  for  several  days  before  passing  into  the  yel- 
low modification.  When  moist,  green  crystals  were  exposed 
to  the  sunlight  they  underwent  the  change  within  an  hour. 
A  specimen  of  the  green  form  has  been  preserved  in  the  dark 
for  two  months  without  showing  any  sign  of  change.  The 
green  crystals  have  the  same  melting-point  as  the  yellow. 

m-Nitrosocinnamic  Add,  ON.CgH,.CH  :  CH. CO. OH. —Two 
grams  of  w-nitrocinnamic  acid  (Kahlbaum's  preparation) 
were  dissolved  in  50  cc.  of  alcohol,  treated  with  400.  of  glacial 
acetic  acid,  and  then  with  2  grams  of  zinc  dust.  The  light- 
yellow  solution  thus  obtained  was  filtered  from  the  small 
amount  of  unchanged  zinc.  The  filtrate,  when  poured  into  a 
10  per  cent  ferric  chloride  solution,  gave  a  flocculent,  yellow 
precipitate.  This  was  filtered  out,  washed  well  with  water, 
and  extracted  with  boiling  alcohol.  A  brown  solid  remained 
undissolved.  The  green  alcoholic  solution,  when  treated 
with  water  and  allowed  to  stand  several  hours,  gave  a  floccu- 
lent white  precipitate.  The  latter  was  filtered  out  and  recrys- 
tallized  from  alcohol. 

0.1722  gram  substance  gave  12. i  cc.  moist  N  at  25°  and 
730  mm. 
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Calculated  for 

CgHjOgN.  Found. 

N  7-9  7-5 

w-Nitrosocinnamic  acid  forms  stellate  groups  of  minute  white 
needles,  which  turn  slightly  brown  when  allowed  to  stand  ex- 
posed to  the  air  in  a  moist  condition.  It  forms  green  solu- 
tions and  decomposes,  without  melting,  at  230°. 

Ethyl m-Nitrocinnamic Ester,  O^N.CeH^.CH  :  CH.CO.OCjHj. 
— This  ester  was  prepared  by  boiling  on  the  water-bath,  for 
three  hours,  a  mixture  of  5  grams  ?«-nitrocinnamic  acid,  50 
cc.  ordinary  alcohol,  and  10  cc.  concentrated  sulphuric  acid. 
The  solution,  after  cooling,  was  diluted  with  water  and  the 
white  solid  so  obtained  washed  on  the  filter  with  sodium  car- 
bonate solution.  On  recrystallizing  from  alcohol  the  ester 
was  obtained  in  white  needles,  melting  at  78°  to  79°  (uncorr.). 
It  is  slightly  more  volatile  with  steam  than  the  isomeric  para 
ester. 

Ethyl  m- Nitrosocinnamic  Ester, 
ON.CeH,.CH  :  CH.CO.OC.Hs.— Five  grams  of  ethyl  w-nitro- 
cinnamic  ester,  dissolved  in  alcohol,  were  treated  with  10  cc. 
glacial  acetic  acid  and  3  grams  of  zinc  dust,  the  latter  being 
added  in  small  portions.  As  the  zinc  dissolved  the  solution 
became  warm  and  assumed  a  brownish-yellow  color.  The 
reduction-product  was  poured  into  a  10  per  cent  ferric  chlo- 
ride solution,  a  solid  separating  out  almost  immediately. 
The  crude  oxidation-product  was  at  once  distilled  with  steam. 
After  the  alcohol  had  passed  over,  the  distillate  became  green 
and  a  few  green  crystals  collected  in  the  condenser.  On 
standing,  bright  green  crystals  separated  from  the  green  dis- 
tillate. The  filtrate  from  these  was  colorless.  Recrystalliza- 
tion  from  alcohol  did  not  raise  the  melting-point  of  the  crys- 
tals. 

0.1904  gram  substance  gave  12. i  cc.  moist  N  at  20°  and 
724  mm. 

Calculated  for 
CioHijOsN.  Found. 

N  6.8  6.9 

Ethyl  w-nitrosocinnamic  ester  forms  bright-green,  rhombic 


398  Alway  and  Pi7ickney. 

plates,  readily  soluble  in  alcohol,  and  melting  at  65°  to  66'' 
(uncorr.).     In  solution  and  when  melted  it  is  green. 

University  Place,  Nebraska., 
June  15,  1904. 
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IX.— ON  CERTAIN  NITROGEN  COMPOUNDS. 

By  Frederick  J.  Alway  and  Reuben  M.  Pinckney. 

Nitroso  compounds,  under  certain  conditions,  react  almost 
quantitatively  with  amido  compounds  to  produce  azo  com- 
pounds, according  to  the  equation  : 

R.NO  +  H.N.R'     —     R.N  :  N.R'  +  H,0. 

The  most  favorable  conditions  for  this  reaction  seem  to  be 
those  prevailing  when  a  hot  acetic  acid  solution  of  the  nitroso 
compound  is  added  to  a  boiling  acetic  acid  solution  of  the 
amido  compound.  By  slightly  varying  the  conditions,  it  has 
been  found,  other  reactions  are  induced.  Thus,  when  a  mix- 
ture of />-nitrosobenzaldehyde,  ^-toluidine,  and  glacial  acetic 
acid  is  heated,  a  considerable  quantity  of  /!>-azoxybenzalde- 
hyde  is  formed.^  We  have  found  that/-nitrosobenzaldehyde 
condenses  readil)'  with  w-nitraniline  to  produce  the  expected 
compound,  w-nitrobenzene-/>-azobenzaldehyde. 

Ethyl  /-nitrobenzoic  ester,  when  treated  with  zinc  and 
acetic  acid,  acts  like  the  corresponding  ethyl  ester.*  When 
the  reduction-product  is  oxidized,  ethyl /-azoxybenzoic  ester 
is  produced,  together  with  ethyl />-nitrosobenzoic  ester.  The 
latter  forms  yellow  crystals. 

m-Niirobenzene-p-azobenzaldehyde, 


0,N— /  \— N=N- 

-Two    grams    of 


— CHO 


/>-nitrobenzaldehyde,  dissolved  in  25  cc.  of  glacial  acetic  acid, 
were  slowly  added  to  a  boiling  acetic  acid  solution  of  4  grams 

1  Ber.  d.  chem.  Ges.,  36,  2310  (1903). 

2  Ibid.,  36,  2313  (1903). 
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of  w-nitraniline.  The  mixture  rapidly  assumed  a  deep  red 
color.  It  was  kept  hot  for  a  few  miuutes  and  then  allowed  to 
cool  slowly.  Granular  masses  of  crystals  separated  out. 
These  were  filtered  out  and  washed  on  the  filter  with  glacial 
acetic  acid  and  with  alcohol.  The  residue  was  transferred  to 
a  flask  and  covered  with  dilute  nitric  acid.  After  standing 
in  contact  with  the  nitric  acid  half  an  hour  the  solid  was  fil- 
tered out  and  washed  with  water.  It  was  pure  without 
further  treatment. 

Calculated  for 
C13H9O3N3.  Found. 

N  16.5  16.8,  16.4,  16.4 

»2-Nitrobenzene-/>-azobenzaldehyde  forms  granular  masses, 
of  indistinctly  crystalline  form  and  of  orange-red  color,  melt- 
ing at  223°  (uncorr.).  It  is  difl&cultly  soluble  in  alcohol  and 
in  acetic  acid. 

Ethyl p-Nitrosobenzoic  Ester,  0N.CsH,.C0.0C,H5.— A  solu- 
tion of  5  grams  of  ethyl /-nitrobenzoic  ester  in  50  cc.  of  alco- 
hol was  treated  with  10  cc.  of  glacial  acetic  acid  and  then  with 
4.5  grams  of  zinc  dust.  The  last  was  added  in  small  portions, 
the  temperature  of  the  mixture  not  being  allowed  to  rise  above 
50".  The  solution  became  brown,  and  on  standing  yellow 
crystals  separated  out.  It  was  added  to  a  mixture  of  50  cc. 
of  saturated  potassium  dichromate  solution  and  50  cc. 
of  dilute  sulphuric  acid,  a  yellow  precipitate  being  formed  at 
once.  The  oxidation-product  was  distilled  with  steam.  A 
green  liquid  collected  in  the  receiver  while  a  dark-colored, 
oily  substance  remained  in  the  distilliug-flask.  Yellow  crys- 
tals separated  from  the  green  distillate.  These  were  twice 
recrystallized  from  alcohol. 

Calculated  for 

C9H9O3N.  Found. 

N  7.8  7.7 

Ethyl />-nitrosobenzoic  ester  forms  yellow  needles  melting 
at  81°  (uncorr.)  to  a  green  liquid.     It  forms  green  solutions. 

Ethyl p- A 20 xy benzoic  Ester,  0N,.(CgH,.C0.0C,H5),.— The 
oily  substance  that  remained  in  the  distilling-flask  in  the 
preparation  of  the  preceding  compound  solidified  on  cooling. 
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It  was  recrystallized  fro^  alcohol  with  the  addition  of  char- 
coal. After  the  seventh  recrystallization  it  consisted  of 
orange  leaflets,  which  melted  to  a  turbid  liquid  at  113°  (un- 
corr.).  The  latter  became  clear  at  120°  (uncorr.).  This 
agrees  with  the  observations  of  Meyer  and  Dahlera/  who  ob- 
tained the  same  compound  by  the  action  of  ethyl  iodide  upon 
the  silver  salt  of  /-azoxybenzoic  acid.  They  obtained  it  in 
the  form  of  yellow  crystals.  The  orange  color  is  probably 
due  to  traces  of  the  red  azo  ester. 


Calculated  for 

CisHisOgNj. 

Found. 

N                                   8.1 

7-9.  8.0 

University  Place,  Nebraska, 
June  15,  1904. 

Contributions  from  the  Chemical  Laboratory  of  the  Nebraska  Wesleyan  University. 

X.— THE    MOIvECULAR   WEIGHTS    OF   THE    YEL- 
LOW NITROSO  COMPOUNDS. 

By  Frederick  J.  Alway  and  Ross  A.  Gortner. 

The  nitroso  compounds  in  which  the  nitroso  group  is  at- 
tached to  a  carbon  atom  may  be  divided  into  three  classes, 
according  to  the  condition  in  which  they  exist  in  the  solid 
form,  viz.,  (i)  green  or  blue,  (2)  colorless  or  white,  (3)  yel- 
low. It  has  been  shown  by  Piloty,'  Bamberger,'  and  Briihl* 
that  the  blue  or  green  color  depends  upon  the  monomolecular 
condition,  while  the  white  or  colorless  form  is  evidence  of  the 
dimolecular  condition.  In  an  article  by  Alway  and  Bonner* 
it  was  shown  that  the  only  yellow  nitroso  compound  known 
at  that  time,  ^-nitrosobenzaldehyde,  possessed  a  normal  molec- 
ular weight  in  solution  in  freezing  acetic  acid,  in  freezing 
benzene,  and  in  boiling  benzene.  Since  that  time  the  methyl 
and  ethyl  esters  of  ^-nitrosobenzoic  acid®  and  of  />-nitrosocin- 
namic  acid,^  as  well  as  the  acids  themselves,  have  been  ob- 

1  Ann.  Chem.  (Liebig),  336,  337  (1903). 

2  Ber.  d.  chem.  Ges.,  35,  3090,  3093,  3101  (1902). 
»  Ibid.,  33,  3877  (1901). 

*  Ibid.,  31,  1465  (1898). 

6  This  Journal,  30,  iii  (1903). 

•  Ber.  d.  chem.  Ges.,  36,  2313  (1903). 
'  This  Journal,  33,  394  (1904). 
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tained.  All  of  these  are  yellow.  We  have  determined  the 
molecular  weights  of  the  four  esters  in  freezing  benzene. 
The  acids,  on  account  of  the  readiness  with  which  they  change 
into  an  insoluble  form,  are  not  well  adapted  to  such  deter- 
minations. The  quantities  of  the  /-nitrosocinnamic  esters 
available  for  use  were  so  small  that  the  results  in  the  case  of 
these  cannot  be  considered  conclusive. 

The/>-nitrosobenzoic  esters  showed  the  normal  molecular 
weight.  The  one  /-nitrosocinnamic  ester,  which  formed  a 
greenish-yellow  solution,  gave  a  depression  of  the  freezing- 
point  corresponding  to  50  per  cent  in  the  monomolecular  form 
and  50  per  cent  in  the  dimolecular  condition.  The  other 
/!>-nitrosocinnamic  ester,  which  formed  a  3'ellow  solution,  gave 
a  depression  corresponding  to  the  dimolecular  condition. 

Ethyl  w-nitrosobenzoic  ester,  which  we  prepared  for  com- 
parison with  the  corresponding  methyl  ester,'  and  which  forms 
colorless  crystals,  exists  in  solution  chiefly  in  the  monomolec- 
ular condition.  A  small  amount  was  present  in  the  dimolec- 
ular condition  at  the  temperature  of  freezing  benzene. 

In  Experiments  i,  2,  3,  4,  5,  and  6  the  solutions  were  green 
and  the  color  was  not  affected  by  changes  of  temperature. 
In  Experiments  7  and  8  the  solutions  were  green,  but  as  the 
temperature  fell  the  color  diminished  in  intensity  ;  on  warm- 
ing, the  original  intensity  was  restored.  In  Experiment  10 
the  solution  was  yellowish-green  in  color  and  no  change  was 
observed  on  lowering  the  temperature.  In  Experiment  9  the 
solution  was  yellow,  without  a  distinctly  green  shade. 

All  the  benzene  solutions  of  the  m-  and  />-nitrosobenzoic  es- 
ters had  changed  to  a  red  color  after  having  stood  several 
weeks  in  a  dimly  lighted  room. 

Ethyl  m-Nitrosobenzoic  Ester,  ON.C6H,.CO.OCjH5.— Five 
grams  of  ethyl  ?n-nitrobenzoic  ester,  dissolved  in  50  cc.  of 
alcohol,  were  treated  with  10  cc.  of  glacial  acetic  acid  and 
then  with  5  grams  of  zinc  dust,  the  latter  being  added  in 
small  portions  and  the  mixture  being  kept  well  agitated. 
The  yellow  solution  thus  obtained  was  treated  with  ferric 
chloride  solution  and  distilled  with  steam.     A  green  liquid 

'  Ber.  d.  chctn.  Ges.,  36,  3313  (1903). 
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collected  in  the  receiver.     This,  on  standing,  deposited  white 
crj^stals,  which  were  recrystallized  from  aqueous  alcohol. 

Calculated  for 

C9H9O3N.  Found. 

N  7.8  7.8 

Ethyl  w-nitrosobenzoic  ester  forms  stellate  groups  of  white 
crystals,  which  melt  at  52°  to  53°  to  a  green  liquid. 

A  brown  substance,  probably  the  azoxy  ester,  remained  in 
the  distilling-flask. 

University  Place,  Nebraska, 
June  17,  1904. 
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The  Occurrence  of  Ai^uminium  in  Vegetable  Products,  Animai, 
Products,  and  Natural  Waters.  A  Contribution  to  the  Bibliog- 
raphy of  the  Subject.  By  C.  F.  Langworthy,  Ph.D.,  and  Peter 
T.  Austen,  Ph.D.  First  edition,  first  thousand.  New  York  :  John 
Wiley  &  Sons  ;  London  :  Chapman  &  Hall,  Limited.     1904. 

"  The  material  included  in  this  contribution  to  the  bibliog- 
raph}'  of  aluminium  deals  only  with  the  occurrence  of  this  ele- 
ment in  vegetable  products,  animal  products,  natural  waters, 
and  a  few  miscellaneous  materials,  such  as  edible  earths.  The 
general  purpose  has  been  to  include  only  reference  to  such  arti- 
cles as  report  separate  determinations  of  aluminium  or  some  of 
its  salts,  and  to  omit  the  very  large  number  in  which  iron  and 
aluminium  are  reported  together.  In  a  few  cases  analyses  have 
been  cited  which  report  '  traces'  of  aluminium,  but  the  bulk 
of  this  material  also  has  been  omitted."  In  the  four  chap- 
ters, each  of  which  is  devoted  to  the  occurrence  of  this  ele- 
ment in  one  of  the  general  sources  stated  above,  the  names  of 
the  authors  are  arranged  alphabetically.  The  brief  abstracts, 
averaging  from  three  to  eight  lines,  give  the  literature  refer- 
ences and  the  percentage  of  aluminium  found  in  the  different 
cases.  There  is  no  discussion  of  the  results,  but  where  it  has 
been  deemed  advisable,  parts  of  the  original  articles  are 
quoted.  There  are  also  several  tables  showing  the  percentage 
of  aluminium  phosphate  in  flour  and  in  bread,  aluminium  in 
grape-juice,  in  tobacco  and  many  other  plant  products,  in 
waters,  etc.  The  use  of  the  book  is  made  more  convenient 
by  means  of  an  excellent  index  of  36  pages.  It  would  be  well 
to  have  a  competent  botanist  correct  the  scientific  names  of 
the  plants  when  the  next  edition  is  issued.  Perhaps  the 
authors  of  the  articles  are  responsible  for  the  mistakes  noticed. 

c.  E.  w. 
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A  Method  for  the  Identification  of  Pure  Organic  Compounds  by 
a  Systematic  Analytical  Procedure  Based  on  Physical  Properties  and 
Chemical  Reactions,  Vol.  I.,  containing  classified  descriptions  of 
about  2,300  of  the  more  important  compounds  of  carbon  with  hydro- 
gen and  with  hydrogen  and  oxygen.  By  Samuel  Parsons  Mulli- 
KEN,  Ph.D.,  Instructor  in  Organic  Chemistry  and  Organic  Analysis 
at  the  Massachusetts  Institute  of  Technology,  Boston,  Mass.  Large 
8vo.  New  York  :  John  Wiley  &  Sons  ;  London  :  Chapman  &  Hall, 
Limited.     1904.     pp.    xii  +  264.     Price,  cloth  $5.00. 

In  this  book  the  author  attempts  to  substitute  a  new 
method  for  the  identification  of  pure  organic  compounds, 
based  on  physical  properties  and  chemical  reactions,  for  the 
one  now  generally  used  which  he  designates  as  the  method 
of  the  empirical  formula.  At  the  present  time  the  procedure 
is  to  analyze  a  substance  and  thus  determine  its  percentage 
composition.  The  molecular  weight  is  then  determined  or 
conjectured,  and  from  these  data  the  empirical  formula  is  cal- 
culated. The  properties  of  the  substance  are  then  compared 
with  those  of  all  the  known  compounds  having  this  formula, 
and  its  identity  is  established.  The  new  method  proposes  to 
make  use  of  the  more  easily  determined  properties  like  quali- 
tative elementary  composition,  color,  melting-point,  boiling- 
point,  solubility,  specific  gravity,  etc.,  for  the  purposes  of 
identification.  It  rests  upon  a  classification  similar  to  that 
employed  in  botany.  The  compounds,  or  chemical  "species, ' ' 
have  been  first  grouped  into  "  orders"  on  the  basis  of  their 
qualitative  elementary  composition  ;  then  into  "  genera" 
(aldehydes,  acids,  phenols,  etc.)  usually  on  the  basis  of  be- 
havior in  simple  chemical  tests  ;  and  finally,  arranged  within 
each  genus  according  to  the  increasing  value  of  some  readily 
determined  constant  like  the  melting-point  or  boiling-point. 
The  name  of  each  species  is  followed  in  the  tables  by  a  brief 
specific  characterization,  enumerating  some  of  the  simpler 
properties  of  the  substance  that  have  genuine  analytical  sig- 
nificance, and  then,  whenever  possible,  by  detailed  directions 
for  preliminary  and  corroborative  tests  which  can  be  per- 
formed with  small  quantities  of  material. 

The  present  volume  takes  up  only  the  compounds  of  car- 
bon with  hydrogen  and  with  hydrogen  and  oxygen,  and, 
hence,  the  method  is  limited  to  comparatively  few  compounds. 
It  is  the  intention  of  the  author  to  extend  the  method  to  com- 
pounds containing  nitrogen  in  a  subsequent  volume. 

It  is  not  to  be  denied  that  the  method  of  combustion  analy- 
sis is  tedious  and  troublesome  and  requires  a  certain  amount 
of  skill  on  the  part  of  the  student  using  it  and  that  chemists 
would  hail  a  better  method  for  the  identification  of  organic 
compounds  with  delight.     It  seems  to  the  reviewer,  however, 


Reviews.  405 

verj-  questionable  whether  this  new  method  is  better  than  the 
old  way.  Even  after  locating  an  organic  compound  by  means 
of  its  physical  properties  and  chemical  reactions,  according  to 
the  new  method,  would  not  a  careful  chemist  prefer  to  make 
a  combustion  analysis  of  the  substance  in  order  to  be  sure 
that  he  was  right  ?  The  writer  of  this  review  remembers  that 
some  time  ago  he  obtained  a  substance  which  had  the  proper- 
ties of  phenol  and  gave  the  chemical  reactions  of  that  sub- 
stance, but  it  did  not  have  the  characteristic  odor,  and  he  was 
not  sure  that  the  substance  was  phenol  until  an  analysis  and 
a  molecular  weight  determination  showed  that  it  had  the  com- 
position represented  by  the  formula  CgHgO. 

An  enormous  amount  of  work  has  been  devoted  to  the  book 
by  the  author,  his  pupils,  and  friends,  and  many  of  the  tests 
have  been  worked  out  in  detail  so  that  thej^may  be  performed 
by  any  student  with  a  little  care. 

The  book  is,  singularly,  free  from  errors,  is  well  printed 
and  bound,  and  is  provided  with  a  very  excellent  index.  It 
will  no  doubt  prove  of  value  in  identifying  unknown  organic 
compounds  in  the  laboratory.  w.  R.  o. 

Quantitative  Analysis  for  Mining  Engineers.  By  Edmund  H. 
Miller,  Ph.D.,  Adjunct  Professor  of  Analytical  Chemistry  and  As- 
saying in  Columbia  University.  New  York  :  D.  Van  Nostrand  Com- 
pany.    1904.     pp.  vii  +  137. 

This  book  consists  of  a  series  of  articles  on  analytical  chem- 
istry which  have  been  reprinted  from  the  School  of  Mines 
Quarterly,  and  represents  the  work  required  of  the  mining 
engineers  in  Columbia  University.  It  is  not  stated  whether 
the  book  is  supposed  to  present  a  systematic  course  on  quan- 
titative analysis,  and  from  the  material  and  its  arrangement 
one  is  left  in  doubt  in  regard  to  this  point.  The  first  meth- 
ods given  are  the  usual  elementary  determinations  of  water, 
the  SO^,  Mg,  and  Al  ions  in  simple  salts,  but  immediately  fol- 
lowing this  is  a  chapter  on  the  proximate  analysis  of  coal. 
Then  follow  the  gravimetric  and  volumetric  methods  for  iron 
in  ferric  alum,  and  afterwards  the  determination  of  silica, 
phosphorus,  and  sulphur  in  iron  ores. 

From  the  first  chapters  one  would  suppose  the  book  to  be 
an  elementary  treatise  ;  from  the  subsequent  chapters  an  ad- 
vanced work,  especially  so  since  the  volumetric  determina- 
tion of  iron  is  introduced  without  any  discussion  of  volu- 
metric principles.  The  book  seems,  therefore,  to  be  a  dis- 
cussion of  methods  rather  than  a  guide. 

The  subsequent  chapters  give  the  various  gravimetric  and 
volumetric  methods  for  the  analysis  of  iron  and    steel,  the 
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analysis  of  limestone,  zinc  in  its  ores,  copper  in  ores  and 
mattes,  lead,  antimony,  and  arsenic  in  ores,  and  the  analysis 
of  iron,  manganese,  lead,  and  copper  slags,  with  a  brief  chap- 
ter on  flue-gas  analysis.  Most  of  the  methods  are  given  with 
considerable  detail  and  accuracy,  but  one  receives  a  strong 
impression  that  the  work  is  very  uneven,  and  that  much  of  it 
has  been  written  hurriedly.  In  some  places,  particularly  in 
the  determination  of  carbon  in  steel,  the  directions  are  verj' 
meager,  and  the  student  is  referred  to  other  books  for  details. 
The  processes  for  the  various  ores  and  slags  are  much  better 
given,  but  throughout  the  book  there  is  a  lack  of  consecutive 
and  logical  statement  of  methods.  The  discussion  of  precau- 
tions and  conditions,  and  the  explanation  of  reactions,  is  well 
done  and  up  to  date.  References  to  original  articles  are  fre- 
quently given,  and  there  is  also  an  appendix  of  references, 
although  we  are  sorry  to  see  references  in  a  few  cases  to  trans- 
lations rather  than  the  original  articles.  The  book  is  intro- 
duced by  chapters  on  ionization  and  mass  action,  but  this 
discussion  is  almost  too  brief  and  fragmentary  to  be  of  much 
use. 

The  relative  size  of  the  reading  and  advertising  matter 
which  the  publishers  have  seen  fit  to  insert  is  strongly  sug- 
gestive of  the  lo-cent  magazine.  h.  f. 

The  Electric  Furnace.  By  Henri  Moissan.  Authorized  transla- 
tion by  Victor  Lenher,  Ph.D.,  University  of  Wisconsin.  Easton, 
Pa.  :  The  Chemical  Publishing  Co.     1904.     pp.  305. 

A  review  of  the  French  original  of  this  book  appeared  in 
this  JoURNAiv  in  1897.^  Considering  the  lapse  of  time,  it  may 
be  well  to  again  call  attention  to  the  value  of  the  book. 

In  1892  Moissan  constructed  his  little  laboratory  electric 
furnace,  in  which  the  heat  of  the  arc  was  utilized,  while  the 
object  heated  was  kept  out  of  contact  with  the  arc,  thus  en- 
tirely avoiding  the  electrical  action  of  the  arc  while  employing 
its  thermal  action;  and  also  avoiding  contamination  by  the 
vapor  of  carbon.  With  sufficient  electrical  current  a  temper- 
ature of  3500'  can  be  obtained  in  a  few  minutes. 

Using  this  furnace,  Moissan  and  his  pupils  have  done  an 
immense  amount  of  systematic  work  ;  indeed,  the  amount  of 
accurate  work  is  astounding  if  we  recall  the  many  important 
discoveries  made  by  Moissan  during  this  period  which  do  not 
involve  the  use  of  the  furnace  ;  we  need  only  refer  to  the  hy- 
drides of  sodium  and  potassium,  to  the  preparation  of  pure 
calcium,  to  the  remarkable  series  of  investigations  at  low 
temperatures. 

1  "  Le  Four  Electrique,"  This  Journal,  19,  623. 
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Although  the  furnace  is  so  simple  that  any  one  can  make 
it,  and  although  it  and  various  modifications  of  it  were 
quickly  listed  by  dealers  at  low  price,  it  is  a  curious  fact  that 
little  accurate  research  work  has  been  done  with  it  outside  of 
Moissan's  laborator}-.  As  a  rule,  an  important  new  appara- 
tus or  a  new  reaction  of  general  application  is  scarcely'  made 
public  before  it  is  seized  on  b\'  a  host  of  workers — for  exam- 
ple, the  "  Grignard  reaction."  That  Moissan  has  been  prac- 
tically allowed  a  monopoly  of  this  research  work  gives  the 
book  reviewed  its  value.  It  is  a  broad  but  fair  statement, 
that  our  knowledge  of  chemical  action  at  high  temperatures 
is  mainly  due  to  Henri  Moissan,  and  is  recorded  in  this  vol- 
ume, which  is  therefore  unique  ;  it  is  not  a  luxury  nor  a  sub- 
stitute for  some  other  book  on  the  subject,  it  is  a  necessity. 
A  chemist  who  has  not  read  it  or  the  original  papers  in  the 
Comptes  rendzis,  does  not  know  the  properties  of  many  of  the 
pure  metals,  or  of  the  different  modifications  of  elementary 
carbon,  or  of  the  numerous  carbides,  borides,  and  silicides. 

Attention  was  called  in  the  previous  review  to  the  literary 
polish  of  the  original.  This  is  lacking  in  the  translation, 
which  is  rough  and  occasionally  obscure,  but  is  literal,  and 
has  the  advantage  of  additional  matter  bringing  the  work  up 
to  this  year.  e.  r. 

Chemie  der  Eiweisskorper.  Von  Dr.  Otto  Cohnheim,  a.  o.  Pro- 
fessor der  Physiologic  an  der  Universitat  Heidelberg.  Zweite  voll- 
standig  neu  bearbeitete  Auflage.  Braunsch-^-eig  :  Friedrich  Vieweg 
und  Sohn.     1904.     pp.  315. 

The  appearance  of  the  second  edition  of  this  remarkably  com- 
plete and  accurate  book  will  be  welcomed  by  all  those  who  are 
interested  in  this  subject.  The  great  advance  that  has  been 
made  in  the  subject  of  proteid  chemistry  is  made  very  appar- 
ent by  comparing  the  second  edition  of  this  book  with  the 
first.  The  fundamental  work  of  Hopkins  and  Cole,  and  of 
Fischer  and  his  pupils,  is  treated  of  in  detail.  The  litera- 
ture up  to  January,  1904,  is  given.  All  who  are  interested 
in  the  subject  of  proteid  chemistry  should  have  access  to  this 
book.  A.  S.  L. 

Grundi^inien  der  Anorg.\xischex  Chemie.  Von  Wilhelm  Ost- 
WALD.  Zweite,  verbesserte  Auflage.  Leipzig  :  Verlag  von  Wilhelm 
Engelmann.     1904. 

The  first  edition  of  this  book  was  reviewed  in  this  Jour- 
nal at  the  time  of  its  appearance  three  j'ears  ago.  No  essen- 
tial changes  have  been  made  in  the  work  in  the  preparation 
of  this  new  edition.  The  introductory  paragraphs  have  been 
reconstructed    and    the    fundamental    conceptions    developed 
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more  clearly  and  sharply.  For  the  expression  "  normal 
weight,"  used  in  the  first  edition,  the  expression  "  molar 
weight"  has  been  substituted  in  this.  Is  this  not  too  much 
of  a  concession  to  the  molecular  hypothesis  ?  Of  the  atomic 
hypothesis  the  author  says:  "  Auch  in  diesem  Buche  soil 
von  diesem  allgemeinen  Gebrauche  nicht  wesentlich  abge- 
wichen  werden.  Doch  lage  es  sicher  im  Interesse  der  Wis- 
senschaft,  wenn  in  dieser  Berichtung  eine  grossere  Vorsicht 
beobachtet  wiirde,  und  deshalb  ist  hier  Wert  darauf  gelegt 
worden,  die  Ausdrucksformen  der  Atomhypothese  so  spar- 
sam  anzuwenden,  als  es  der  Sprachgebrauch  nur  gestattet." 
Ostwald's  book  has  undoubtedly  been  of  great  service  in 
showing  teachers  of  chemistry  how  their  subject  may  be  de- 
veloped logically.  In  order  that  a  reformer  may  be  even  par- 
tially successful,  it  seems  necessary  for  him  to  be  an  extre- 
mist. Some  of  us  may  squirm  as  we  read  Ostwald,  but  no 
doubt  we  are  helped  unless  we  are  past  help.  It  is  an  advan- 
tage to  have  even  a  few  of  the  scales  removed  from  our  eyes. 
We  are  all  groping.  It  is  to  be  hoped  that  we  are  moving  in 
the  direction  of  the  light.  i.  r. 

MONOGRAPHIEN    UBER    ANGEWANDTE    ELEKTROCHEMIE.      XII.     BAND. 

Die  elektrochemische  Industrie  Deutschlands.  Von  P. 
Ferchland,  Dr.  Phil.  Mit  4  Figuren  und  Tabellen  im  Text. 
Halle  a.  S.     Verlag  von  Wilhelm  Knapp     1904. 

In  the  present  number  of  this  carefully  prepared  series  of 
monographs  the  author  gives  an  account  of  the  historical  de- 
velopment of  electrochemical  industries  in  Germany.  In  the 
64  pages  of  the  monograph  are  short  chapters  on  the  more  im- 
portant substances  that  are  now  prepared  by  electrical  meth- 
ods. Among  other  things,  the  way  in  which  the  water  sup- 
ply of  cities  can  be  purified  by  means  of  ozone,  is  described. 
This  seems  of  especial  interest  in  view  of  ithe  copper  sulphate 
method,  which  has  come  so  prominently  before  the  public  in 
the  last  few  months.  There  is  an  index  of  "  persons  and 
firms."  c.  E.  w. 
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DETERMINATION     OF    THE    REI.ATIVE    VEI.OCI- 
TIES  OF  THE   IONS  OF   SILVER  NITRATE 
IN  MIXTURES   OF  THE  ALCOHOES 
AND  WATER  AND   ON  THE 
CONDUCTIVITY      OF 
SUCH       MIX- 
TURES. 

By  Harry  C.  Jones  and  H.  P.  Bassett. 
HISTORICAL  SKETCH. 

Such  a  large  amount  of  work  has  been  done,  especially  in 
the  last  few  years,  on  the  migration  velocities  of  ions,  that 
brief,  but  complete  references  to  the  investigations  in  this 
field  will  be  given. 

It  was  early  noted  that  when  an  electric  current  is  passed 
through  a  solution  of  an  electrolyte,  changes  in  concentration 
are  produced.  Faraday^  pointed  out  that  when  an  electric 
current  is  passed  through  a  solution  of  an  electrolyte,  using 
copper  electrodes,  the  solution  around  the  cathode  becomes 
lighter  blue,  while  that  around  the  anode  becomes  darker  blue 

1  Pogg.  Ann.,  32,  436  (1S34). 
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in  color.  This  same  phenomenon  was  observed  two  years 
later  by  Gmelin,'  and  Pouillet^  observed  a  similar  phenome- 
non in  a  solution  of  a  salt  of  gold.  Smee^  advocated  the 
theory,  put  forward  ten  years  before  by  Faraday,  that  the 
hydrogen  from  the  decomposed  water  acted  upon  the  copper 
sulphate  just  as  another  metal  would  do.  Daniell  and  Miller* 
electrolyzed  the  sulphates  of  copper  and  zinc,  and  showed  that 
the  two  ions  in  each  case  traveled  with  different  velocities. 

This  was  the  state  of  the  problem  when  Hittorf''  undertook 
his  elaborate  experiments  and  showed  conclusively  that  these 
differences  in  concentration  were  due  to  the  differences  in  the 
velocities  of  the  cation  and  the  anion.  Hittorf  devised  several 
forms  of  apparatus  which,  however,  are  the  same  in  principle. 
They  consist  of  a  vertical  tube  divided  into  compartments  by 
porous  diaphragms.  These  diaphragms  are  the  objectionable 
feature  in  the  apparatus  of  Hittorf.  Hittorf  studied  a  num- 
ber of  questions,  such  as  the  effect  of  strength  of  current,  con- 
centration of  the  solutions,  and  temperature  on  the  migration 
velocities. 

The  next  important  contribution  to  our  knowledge  in  this 
field  was  that  of  F.  Kohlrausch,"  in  which  he  showed  that  a 
very  important  relation  exists  between  the  velocities  of  the 
ions  and  the  conductivity  of  solutions.  In  dilute  solutions, 
under  a  given  electromotive  force,  each  of  the  ions  moves 
through  the  liquid  with  a  fixed  velocity,  dependent  on  its  own 
chemical  nature,  and  independent  of  that  of  the  other  ion. 
This  he  termed  the  law  of  the  independent  migration  velocity 
of  the  ions.  Expressed  in  other  words,  the  velocity  with 
which  any  ion  travels  is  a  constant  for  a  given  solvent  and  a 
given  potential  gradient,  and  is  independent  of  the  nature  of 
the  other  ion  or  ions  with  which  it  is  present  in  the  solution. 
Representing  the  maximum  molecular  conductivity  by  A<oo 
the   law   of   Kohlrausch   is    formulated    thus,    /<oo  z=zc-^a, 

1  Fogg.  Ann.,  44,  5  (1838). 

-  Compt.  rend.,  20,  1544  (1845). 

3  Phil.  Mag.,  17,  196  (1840). 

<  Phil.  Trans.,  I.  (1844)  ;  Pogg.  Ann.,  64,  18  (1845). 

'  Pogg.  Ann.,  89,  177  ;  98,  I  ;  103,  i  ;  106,  337,  513. 

'  Wied.  Ann.,  a6,  i  and  145  (1S79). 
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where  c  and  a  are  the  relative  velocities  of  cation  and  anion, 
respectively. 

The  law  of  Kohlrausch  has  been  modified  by  Ostwald^  for 
solutions  that  are  not  completely  dissociated,  as  follows  : 
Representing  the  percentage  dissociation  by  «,  we  have 

ix^  —  a(^c  +  a). 

It  is,  then,  obvious  that  the  law  of  Kohlrausch  can  be  used  to 
determine  the  velocity  of  ions.  We  can  determine  f^-v  or  /^oo 
directly  by  the  conductivity  method,  and  we  can  determine 
the  ratio  of  the  two  velocities  by  the  Hittorf  method.  We 
have,  then,  the  two  equations  : 

/^oo   =  C  4-  A  ;  (i) 

a  A 

C  and  A  represent  the  relative   velocities   of   cation   and 

anion  at  infinite  dilution,  and  — ■  is  the  relative  velocities  as 

a 

determined  directly  by  the  Hittorf  method  of  electrolysis. 

The  first  direct  measurement  of  the  absolute  velocity  of  ions 
was  made  by  I^odge.^  By  observing  the  rate  at  which  hydro- 
gen ions  decolorize  a  layer  of  gelatine  reddened  by  phenol- 
phthalein,  he  was  able  to  determine  the  rate  at  which  the  hy- 
drogen ions  moved  under  a  given  potential  gradient. 

The  objection  has  been  raised  to  the  method  of  Lodge  that 
the  gelatine  may  have  exerted  an  influence  on  the  velocity  of 
the  ions,  and,  further,  that  the  fall  in  potential  along  the  tube 
was  not  regular.  The  agreement  between  the  values  found 
by  Ivodge  and  calculated  by  Kohlrausch  shows  that  these 
sources  of  error  could  not  have  been  serious. 

lyoeb  and  Nernst^  devised  a  method  for  measuring  the  rela- 
tive velocities  of  ions  that  did  away  entirely  with  the  use  of 
diaphragms.  Their  apparatus,  which  consisted  essentially  of 
a  Gay-Ivussac  burette,  and  their  method  are  open  to  serious 
objections.     There    is  no  means  of  properly  separating   the 

1  Lehrb.  allg.  Chem.,  II.,  672. 
.  2  Brit.  Assoc.  Report,  18S6,  p.  393  ;  1887,  p.  387. 
■'  Ztschr.  phys.  Chem.,  2,  948  (1888). 
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solutions  after  electrolysis,  for  the  purpose  of  analysis,  and  it 
is  mucli  better  to  measure  the  current  directly. 

The  method  of  Kistiakowsky,^  and  also  that  of  Bein,'^  are 
quite  similar  to  that  of  Loeb  and  Nernst,  and  the  same  objec- 
tions apply  to  the  latter  as  to  the  former. 

Whetham^  measured  the  absolute  velocities  of  certain  ions, 
avoiding  the  use  both  of  diaphragms  and  gelatine  solutions. 
He  measured  the  velocity  of  the  moving  boundary  between 
two  solutions  containing  a  common  ion,  one  of  the  solutions 
being  colored. 

Schrader*  devised  a  form  of  apparatus  for  determining  mi- 
gration velocities,  which  was  essentially  a  modification  of 
that  used  by  Kistiakowsky.  His  apparatus,  however,  was 
bent  in  such  a  form  that  he  could  draw  the  solution  off  from 
either  electrode,  directly,  for  analysis. 

Certain  objections  apply  to  all  the  methods  thus  far  dis- 
cussed for  determining  the  migration  velocities  of  ions.  The 
earlier  investigators  either  separated  the  solutions  around  the 
electrodes  by  means  of  porous  diaphragms,  or  relied  upon  the 
difference  in  specific  gravity  resulting  from  the  electrolysis  to 
secure  a  separation. 

Some  of  the  objections  to  the  earlier  methods  were  removed 
by  a  form  of  apparatus  devised  by  Jones  and  Mather.^  The 
new  feature  of  this  was  that  it  provided  a  means  of 
separating  completely  the  two  solutions  around  the  electrodes 
after  the  electrolysis  was  ended.  The  apparatus  consists  es- 
sentially of  two  vertical  limbs  united  by  a  (J-tube.  At  the 
bottom  of  the  U-tube  is  a  stop-cock,  of  large  bore  so  as  not  to 
offer  too  much  resistance  to  the  passage  of  the  current.  The 
electrodes  were  introduced  through  ground-glass  stoppers  in- 
serted into  the  bottoms  of  the  upright  tubes.  After  the  elec- 
trolysis was  ended  the  stop-cock  was  turned,  and  thus  the 
portions  of  the  solution  on  the  two  sides  of  the  apparatus 

1  Ztschr.  phys.  Chem.,  6,  97  (1890). 
'  Wied.  Ann.,  46,  29  (1892). 
3  Phil.  Trans.,  A,  337  (1893). 

*  Ztschr.  Elektrochem.,  3,  498  (1896). 

*  This  Journal,  26,  473  (1901). 
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were  completely  separated.  Each  side  could  then  be  carefully 
washed  out  and  the  solution  analyzed. 

Mather  worked  on  solutions  of  silver  nitrate  in  alcohol, 
and  found,  as  others  had  done  in  aqueous  solutions,  that  with 
rise  in  temperature  the  velocities  of  cation  and  anion  tended  to 
become  equal. 

Since  the  above  investigation  was  carried  out  in  this  Uni- 
versity a  number  of  pieces  of  work  have  been  done  on  migra- 
tion velocities.  Gordon'  studied  the  effect  of  change  in  tem- 
perature, especially  with  cadmium  salts. 

Hopfgartner's^  work  was  similar  in  character  to  that  of 
Schrader. 

Kummel's^  method  is  similar  to  that  employed  by  L,odge. 

The  most  elaborate  investigation  in  the  field  that  we  are 
now  considering,  since  the  time  of  Hittorf,  is  that  of  Bein.* 
He  described  in  all  five  forms  of  apparatus  with  various 
means  of  separating  the  solution  around  the  cathode  from  that 
around  the  anode.  In  one  form  he  used  essentially  the 
method  described  by  lyoeb  and  Nernst  ;  in  another  the  solu- 
tions are  separated  by  a  column  of  mercury.  In  general,  it 
may  be  said  that  the  apparatus  devised  and  used  by  Bein  is 
very  complex,  and  in  some  cases  probably  much  more  so 
than  necessary. 

The  next  work  to  be  considered  in  this  connection  is  that 
of  O.  Masson,^  who  devised  and  used  a  new  form  of  appara- 
tus for  measuring  absolute  velocities.  Two  flasks,  each  pro- 
vided with  a  lateral  opening,  are  connected  by  a  graduated 
horizontal  tube  containing  a  mixed  solution  of  gelatine  and 
the  salt  to  be  investigated.  Both  anode  and  cathode  solutions 
must  be  distinctly  colored,  the  colored  ion  being  the  cation  in 
the  anode  solution  and  the  anion  in  the  cathode  solution. 
Further,  the  colored  ions  must  migrate  at  a  slower  rate  than 
the  corresponding  ions  of  the  salt  in  the  tube.  A  suitable 
anode  solution  is  copper  sulphate  with  a  copper  anode.     A 

'  Ztschr.  phys.  Chem.,  23,  469  (1897). 

2  Ibid.,  25,  115  (1898). 

3  Wied.  Ann.,  64,  655  (1898). 

<  Ztschr.  phys.  Chem.,  27,  54  (1898)  ;  28,  439  (1899). 
^  Ibid.,  29,  501  (1899)  ;  Phil.  Trans.,  A,  192,  331. 
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suitable  cathode  solution  is  sodium  chromate  with  a  platinum 
cathode. 

When  the  current  passes,  the  progress  of  the  cation  in  the 
colorless  solution  in  gelatine  is  accompanied  by  an  equal  ad- 
vance in  the  blue  copper  ions.  The  colorless  anions  in  the 
gelatine  are,  similarly,  followed  by  the  yellow  chromium  ions. 
The  contents  of  the  tube  thus  become  blue  at  one  end,  color- 
less in  the  middle,  and  yellow  at  the  other  end.  The  relative 
lengths  of  the  blue  and  yellow  parts  give  the  relative  veloci- 
ties of  the  cation  and  anion. 

The  relative  velocities  of  the  ions  thus  obtained  are  com- 
pared with  Kohlrausch's  values,  and  a  fair  agreement  was 
found  to  exist.  The  absolute  velocities  in  gelatine  are  some- 
what smaller  than  in  aqueous  solution. 

About  this  time  Kohlrausch  published  an  investigation  on 
the  velocities  of  ions  in  dilute  aqueous  solutions  at  18°,  and 
up  to  a  concentration  of  one-tenth  normal.  He  showed  that,  for 
solutions  of  from  one-twentieth  to  one-tenth  normal,  the  con- 
ductivities of  compounds  composed  of  univalent  ions,  or  of 
univalent  ions  in  combination  wath  bivalent  ions,  may  be 
calculated  from  the  ionic  velocities.  This  does  not  hold  for 
compounds  composed  of  bivalent  ions  only,  since,  for  such 
the  velocities  vary  with  increasing  concentration. 

Among  the  later  investigations  on  this  subject  is  that  of 
Steele.^  The  method  which  he  employed  is  in  principle  simi- 
lar to  that  used  by  Masson.  The  aqueous  solution  is  impris- 
oned between  partitions  of  gelatine  containing  the  indicator 
ion  in  solution.  The  method  of  Steele,  however,  differs  from 
that  of  Masson  in  two  respects.  The  measurements  of  the 
relative  velocities  are  made  in  water  and  not  in  gelatine,  and 
the  employment  of  a  colored  ion  is  not  necessary.  All  that  is 
required  is  that  a  solution  of  the  indicator  containing  about 
the  same  number  of  gram-molecules  per  liter  as  the  solution 
of  salt  whose  ionic  velocities  are  to  be  measured,  should  differ 
from  the  latter  in  density  and  refractivity.  The  choice  of  in- 
dicators is  thus  very  largely  increased.     The  results  obtained 

1  J.  Chem.  Soc,  79.  4i4  (1901)- 
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by  this  method  agree  very  well  with  those   found   by  other 
good  methods. 

A  form  of  apparatus  which  differs  very  appreciably  from 
that  iised  by  any  previous  investigator  was  designed  and  used 
by  A.  A.  Noyes.^  It  consists  essentially  of  two  U-tubes  at- 
tached by  rubber  tubing.  The  two  arms  of  each  tube  are  of 
unequal  lengths,  and  the  electrodes  are  inserted  into  the 
longer  arms.  The  electrodes  are  of  platinum,  and  the  acid 
and  alkali  formed  around  the  electrodes  are  titrated  from 
burettes  passing  through  stoppers  into  the  longer  arms  of  the 
U-tubes.  By  means  of  this  apparatus,  Noyes  was  able  to 
measure  the  relative  velocities  of  the  ions  of  such  salts  as 
potassium  chloride,  sodium  chloride,  etc. 

Thus  far  no  work  had  been  done  in  very  dilute  solutions, 
and  it  was  important  that  this  condition,  especially,  should  be 
investigated.  Jahn'''  and  his  pupils  used  a  form  of  apparatus 
resembling  in  some  respects  that  employed  by  Noyes.  It  con- 
sisted of  a  vessel  of  the  form  of  an  Erlenmeyer  flask,  con- 
nected with  a  (J-tube,  which,  in  turn,  was  connected  with  a 
larger  part  of  the  apparatus,  whose  size  could  be  varied  ac- 
cording to  the  dilution  of  the  solution  to  be  used.  With 
their  apparatus  they  measured  the  relative  velocities  of  a  few 
acids  and  quite  a  number  of  salts.  They  studied  the  effect  of 
dilution  upon  the  relative  velocities  of  the  ions,  and  found  in 
many  cases  that  the  relative  velocities  did  not  become  con- 
stant until  a  dilution  of  between  200  and  300  liters  was 
reached. 

Up  to  this  time  there  was  still  a  sharp  limit  in  the  dilution 
at  which  measurements  of  relative  velocities  had  been  made. 
This  applies  also  to  the  work  of  Jahn,  Noyes,  and  Bein. 
Jahn  could  not  obtain  accurate  results  above  a  dilution  of  150 
liters,  and  this  dilution  is  not  sufficient  to  measure  the  veloci- 
ties of  the  ions  of  many  salts. 

Steele  and  Denison'  undertook  to  measure  the  velocities  of 
ions  at  dilutions  comparable  with  those   at  which   accurate 

'  Ztschr.  phys.  Chem.,  36,  61  (1901). 

•Ibid.,   37,  673  (1901). 

3  J.  Chem.  Soc,  81,  456  (1902). 
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conductivity  measurements  could  be  made,  and  also  to  test 
whether,  at  such  dilutions,  the  relative  velocities  would  become 
constant.  Salts  of  calcium  were  employed  because  satisfac- 
tory conductivity  measurements  had  been  made  to  a  high  di- 
lution. At  a  dilution  of  300  or  400  liters  a  large  volume  of 
the  solution  must  be  subjected  to  electrolysis  in  order  that  an 
appreciable  quantity  of  the  salt  would  be  carried  by  the  cur- 
rent. With  this  idea  in  mind,  they  devised  a  form  of  appara- 
tus which  admits  of  the  electrolysis  of  a  large  volume  of  the 
solution.  A  VV-shaped  tube  was  connected  with  a  reservoir  to 
which  fresh  quantities  of  the  solution  could  be  added  as  that 
in  the  apparatus  was  drawn  off.  The  solution  on  each  side 
of  the  apparatus  could  be  drawn  off  separately,  the  apparatus 
refilled,  and  the  electrolysis  allowed  to  proceed  until  several 
liters  of  solution  had  passed  through  the  apparatus.  They 
worked  with  a  number  of  salts,  including  potassium  chloride. 

The  values  which  they  found  for  potassium  chloride  agree 
with  the  best  results  obtained  by  other  investigators,  and  con- 
firm Kohlrausch's  assumption  as  to  the  constancy  of  migra- 
tion velocities  of  the  ions  of  salts  of  this  class  with  increasing 
dilution. 

Steele'  continued  the  above  investigation,  using  such  salts 
as  barium  chloride  and  magnesium  sulphate.  He  concluded 
that  the  velocity  is  not  independent  of  the  concentration,  and 
that  the  velocity  of  the  cation  varies  with  the  salt  that  is 
used.  He  explained  the  change  in  velocity  with  the  concen- 
tration as  due  to  the  formation  of  complex  ions  in  solution. 
This  would  mean  a  motion  of  at  least  a  part  of  the  undisso- 
ciated  salt  along  with  the  ions. 

Abegg  and  Gauss*  studied  the  effect  of  the  initial  concen- 
trations of  the  neighboring  electrolytes,  and  recommended 
that  the  concentration  of  the  indicator  jelly  should  be  at  least 
equivalent  to  that  in  the  solution  of  the  electrolyte  under  in- 
vestigation. 

The  effect  of  electrical  endosmose  on  transport  numbers 
was  investigated  by  Denison.'     His  method  was  essentially 

'  Phil.  Trans.,  A.,  198  (1901). 

2  Ztschr.  phys.  Chem.,  40,  737  (1902). 

3/«irf.,44,  575  (1903)- 
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that  employed  by  Steele,  In  this  investigation  he  studied 
also  the  effect  of  gelatine  on  the  transference  numbers.  He 
found  that  so  long  as  the  gelatine  was  liquid,  it  exerted  no  in- 
fluence on  the  transference  numbers.  In  solid  gelatine  the 
velocity  of  the  cation  is  diminished  relative  to  that  of  the 
anion.  A  similar  phenomenon  is  observed  in  very  concentra- 
ted aqueous  solutions,  and  it  is  highly  probable  that  in  both 
cases  the  specific  frictional  coefficient  of  the  ions,  as  well  as 
the  formation  of  complex  ions,  play  an  important  part. 

Denison  considers  it  probable  that  the  gelatine  combines 
with  certain  salts,  forming  complex  cations.  He  also  points 
out  that  various  proteids  have  the  power  of  combining  with 
acids  and  alkalies,  forming  salt-like  compounds. 

It  is  thus  very  probable  that  gelatine,  or  some  product  of  its 
hydrolysis,  combines  with  the  substance  dissolved  in  it. 
This  would  explain  the  above  difference  in  the  transport 
numbers  in  liquid  and  solid  gelatine. 

Very  little  work  has  been  done  even  up  to  the  present  on 
migration  velocities  in  any  solvent  other  than  water.  A  few 
determinations  have  already  been  referred  to,  but  they  are 
very  few  in  number.  Still  less  has  been  done  on  transference 
numbers  in  mixed  solvents. 

Carrara'  carried  out  an  investigation  on  the  migration 
velocities  of  ions  in  solutions  in  methyl  alcohol.  He 
worked  with  quite  a  number  of  salts,  using  three  different 
forms  of  apparatus  :  One  contained  a  membrane,  and 
was  similar  to  one  of  the  forms  used  by  Hittorf ;  another 
was  the  apparatus  of  lyoeb  and  Nernst,  while  the  third  he  de- 
scribes as  a  new  form  of  apparatus.  This  last  form  is  a  very 
slight  modification  of  that  devised  and  used  by  Jones  and 
Mather  in  this  University  seven  years  ago.  No  mention  is 
made  by  Carrara  of  this  fact,  doubtless  due  to  an  oversight  on 
his  part. 

He  brings  out  an  interesting  point  in  connection  with 
lithium  chloride.  His  results  indicate  the  existence  of  com- 
plex ions  in  a  solution  of  this  salt,  which  is  a  binary  electro- 
lyte. 

1  Gazz.  chitn.  ital.,  33,  I.,  241  (1903). 
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On  comparing  the  transport  numbers  found  by  Carrara  in 
aqueous  and  methyl  alcohol  solutions,  it  is  seen  that  the  dif- 
ference between  them  is  ver)^  small,  and  of  the  same  order  of 
magnitude  as  the  differences  obtained  by  a  change  in  concen- 
tration. In  general,  the  transport  number  for  the  anion  in 
methyl  alcohol  is  higher  than  in  water. 

From  these  considerations  he  draws  the  conclusion  that  the 
transport  numbers  for  the  ions  of  an  electrolyte  tend  towards 
the  same  value,  independent  of  the  solvent  in  which  the  elec- 
trolyte is  dissolved.  In  other  words,  if  the  dilution  is  suffi- 
ciently great  and  no  secondary  reactions  take  place,  the  trans- 
port numbers  of  an  electrolyte  are  the  same  in  all  solvents. 
The  transport  numbers  found  for  solutions  of  salts  in  methyl 
alcohol  are  the  same  as  in  aqueous  solutions  at  greater  con- 
centrations. 

The  most  recent  investigations  in  the  field  of  migration 
velocities  are  those  of  Huybrechts'  and  of  Wolff.*  They  used 
a  form  of  apparatus  which  was  a  slight  modification  of  that 
formerly  employed  by  Jahn  and  his  pupils. 

As  has  already  been  stated,  in  most  of  the  investigations 
aqueous  solutions  have  been  dealt  with,  and  comparatively 
little  work  has  been  done  in  solvents  other  than  water.  The 
only  investigations  that  have  been  carried  out  in  any  other 
solvent  were  those  of  lyenz,  Mather,  and  the  recent  work  of 
Carrara. 

EXPERIMENTAL  PART. 

This  investigation  was  undertaken  for  the  purpose  of  de- 
termining what  effect  mixtures  of  methyl  alcohol  and  water 
would  have  on  the  relative  velocities  of  the  ions  of  such  a 
salt  as  silver  nitrate. 

The  work  of  Jones  and  Lindsay^  on  the  conductivity  of  cer- 
tain salts  in  water,  methyl,  ethyl,  and  propyl  alcohols,  and 
mixtures  of  these  solvents  suggested  this  work. 

In  their  work,  Jones  and  Lindsay  found  that  the  conduc- 
tivities of  such  salts  as  potassium  iodide,  ammonium  bromide, 

1  Dissertation,  University  of  Berlin,  :902. 

'  Ibid.,  1903. 

1  This  Journal,  28,  329  (1902). 
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strontium  iodide,  etc.,  were  less  in  mixtures  of  the  solvents 
than  in  either  of  the  solvents  alone.  Especially  was  this  the 
case  in  mixtures  of  methyl  alcohol  and  water.  Considering 
these  facts,  the  first  thing  to  determine  was  whether  silver 
nitrate  would  give  similar  conductivity  results,  and  if  so, 
whether  there  was  any  relation  between  this  phenomenon 
and  the  relative  velocities.  The  conductivities  of  silver  ni- 
trate in  these  solvents  and  varying  mixtures  of  them  were  de- 
termined. The  water,  methyl  and  ethyl  alcohol,  were  puri- 
fied by  the  methods  described  by  Jones  and  I,indsay.  In 
each  case  a  mother  solution  was  made  in  the  solvent  in  ques- 
tion, and  the  remaining  solutions  were  obtained  by  successive 
dilutions  with  some  of  the  solvent  of  the  same  composition. 
In  this  way  an  error  was  avoided  which  would  result  from  the 
contraction  when  alcohol  and  water  were  mixed,  and  also 
prevent  the  accompanying  heat  effect.  In  some  cases,  as  in 
very  dilute  solutions,  where  such  small  quantities  of  the 
mother  solution  were  required,  a  second  mother  solution  was 
made  from  the  first,  and  the  more  dilute  solutions  made  from 
it  in  the  way  described.  The  strength  of  these  mother  solu- 
tions was  determined  by  titrating  with  a  standard  solution  of 
ammonium  sulphocyanate. 

Conductivity  Apparatus  Employed. 

The  apparatus  described  and  used  was  similar  to  that  em- 
ployed by  Jones  and  Lindsay.  The  cells  differed  from  the  ordi- 
nary Arrhenius  cell,  being  provided  with  a  ground-glass  top  to 
prevent  evaporation  of  the  more  volatile  solvents,  and  also 
protect  the  anhydrous  alcoholic  solutions  from  the  moisture 
of  the  baths  and  air.  The  glass  tubes  carrying  the  electrodes 
were  passed  through  thin  rubber  tubes  in  the  cap.  Sealing- 
wax  was  then  run  over  the  outside  of  the  joint. 

The  zero-bath  was  prepared  as  follows  :  A  large  glass 
battery-jar  was  filled  with  finely  crushed  ice  and  distilled 
water.  It  was  then  placed  in  a  water-bath  and  the  space 
between  filled  with  finely  crushed  ice  and  water.  This  proved 
very  eflicient,  as  it  was  possible  to  keep  within  o°.o5  of  zero  for 
hours.     The  bath   at  25°  was  of  the  ordinary  form,  and  was 
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kept  in  constant  motion  by  a  stirrer  driven  by  means  of  a  hot- 
air  engine.  The  thermometers  used  could  be  accurately  read 
to  o°.02.     The  burettes  and  flasks  were  carefully  calibrated. 

Conductivity  Measurements. 

All  the  conductivity  measurements  were  made  at  the  two 
temperatures,  o°  and  25°.  In  the  following  tables  v  =  num- 
ber of  liters  of  solution  containing  a  gram-molecular  weight 
of  the  salt ;  /^z,o°  =  molecular  conductivity  at  0° ;  /^z/25°  =: 
molecular  conductivity  at  25° : 

Table  /. — Molecular  Conductivity  of  Silver  Nitrate  in  Water. 


V. 

10 

20 

40 

80 

160 

320 

640 

1280 


55-72 
58.63 
63.10 
63.16 

65.38 
69.91 

71.05 
70.59 


Mv25  . 
99.46 
105.72 
110.22 
115-81 
119.86 
125.08 
125.86 
125.35 


Table  II. — Molecular  Conductivity  of  Silver  Nitrate  in  Ethyl 

Alcohol. 


19 

38 

77 

155 

310 

621 

Table  III.- 


V. 

10 
20 
40 


V. 

9.71 

43 
86 

73 
47 
95 


7. II 

8.90 

11.35 
13.10 

15.13 
17.04 

19.43 


}^v2^   . 

14.26 
16.96 
20.11 

23.87 
26.46 
30.62 


-Molecular  Conductivity  of  Silver  Nitrate  in  Methyl 
Alcohol. 


80 
160 
320 
640 


25.96 
32.63 

39.71 
45.28 
51.09 

56.71 
61.42 


Mv25 


35 
44 
53 
62 
70 
80 
88 


•77 
.67 
.42 

•95 
•36 

•17 
.22 
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Table  IV. — Molecular  Conductivity  of  Silver  Nitrate  in  2^  Per 
Cent  Ethyl  Alcohol  a7id  Water. 


V. 

l^vO   . 

>«t/25  , 

38.86 

25-95 

59.70 

77.73 

26.65 

62.75 

155.47 

26.45 

63.82 

310.95 

28.72 

64.87 

621.89 

28.84 

68.28 

Table  V. — Moleailar  Conductivity  of  Silver  Nitrate  in  50  Per 
Cent  Ethyl  Alcohol  and  Water. 


V. 

MvO\ 

/^f  25 

19.43 

15.25 

37.87 

38.86 

15.81 

39.50 

77-73 

17.04 

42.42 

155.47 

17.92 

45-15 

310.95 

19.10 

47.13 

621.89 

19.90 

49-39 

1243.78 

20.79 

52.80 

Table  VI. — Molecular  Condtictivity  of  Silver  Nitrate  in  75  Per 
Cent  Ethyl  Alcohol  and  Water. 


V. 

}XvO°. 

>".25° 

19.43 

13.12 

27.01 

38.86 

14.30 

30.43 

77.73 

16.79 

33.65 

155.47 

19.48 

35.94 

310.95 

18.00 

39.01 

621.89 

19.41 

40.14 

Table  VII. — Molecular  Conductivity  of  Silver  Nitrate  in  2^  Per 
Cent  Methyl  Alcohol  and  Water. 

V. 

40 

80 
160 
320 
640 


jXyd'. 

/^z.25    . 

35.63 

72.68 

36.95 

75.56 

3903 

79-34 

41.03 

82.93 

41.23 

83.91 

/^^.o  . 

f^v2S   . 

27.27 

53-33 

28.63 

56.80 

29-93 

59-75 

31.47 

63.22 

32.29 

65-85 

34-67 

68.67 
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Table  VIII. — Molecular  Co7iductivity  of  Silver  Nitrate  in  §0 
Per  Cent  Methyl  Alcohol  and  Water. 

V. 

20 

40 

80 
160 
320 
640 

Table  IX. — Molecular  Conductivity  of  Silver  Nitrate  in   75  Per 
Cent  Methyl  Alcohol  and  Water. 

V.  I^v  0°.  )^v   25°. 

20  27.98  48.20 

40  30-03  52.33 

80  32.81  57.17 

160  35-22  61.31 

320  35-71  63.23 

640  40.27  69.42 

Table  X.  —  Temperature   Coefficients  of  Conductivity  of  Silver 
Nitrate  in  Water  {0°  to  ^5°). 

V.  Temperature  coefficient. 

10  1.75 

20  1.88 

40  1.88 

80  2.10 

160  2.14 

320  2.21 

640  2.20 

1280  2.19 

1  able  XI. —  Temperature    Coefficient  of  Conductivity  of  Silver 
Nitrate  in  Ethyl  Alcohol  (0°  to  2j°). 

V.  Temperature  coefficient. 

19.43  0.214 

38.86  0.224 

77.73  0.280 

155-47  0.350 

310.95  0.377 

621.89  0.488 
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Table  XII. —  Temperature   Coefficient  of  Conductivity  of  Silver 
Nitrate  in  Methyl  Alcohol  (0°  to  25°). 

V.  Temperature  coefficient. 

10  0.392 

20  0.482 

40  0.548 

80  0.707 

160  0.771 

320  0.938 

640  1.702 

Table  XIII. —  Temperature  Coefficients  of  Conductivity  of  Silver 
Nitrate  in  Mixtures  of  Ethyl  Alcohol  and  Water  of  Various 
Compositions. 

Temperature  coefficieuts. 


Tweuty-five  per 

Fifty  per  cent 

Seventy-five  per 

V. 

cent  alcohol. 

alcohol. 

cent  alcohol. 

19-43 

.... 

0.905 

0.556 

38.86 

1-35 

0.962 

0.645 

11-17> 

1.44 

1. 015 

0.674 

155-47 

1.49 

1.089 

0.658 

310.95 

1.45 

1.121 

0.840 

621.89 

1.58 

1. 180 

0.829 

243-78 

.... 

1.280 

.... 

Table  XIV. —  Te^nperatiire  Coefficients  of  Conductivity  of  Silver 
Nitrate  in  Mixtures  of  Methyl  Alcohol  and  Water  of  Various 
Compositions. 

Temperature  coefficients. 


Twenty-five  per 

Fifty  per  cent 

Seventy-five  per 

V. 

cent  alcohol. 

alcohol. 

cent  alcohol. 

20 

.... 

1.04 

0.810 

40 

1.48 

I-I3 

0.892 

80 

1-54 

1. 19 

0.974 

160 

1. 61 

1.27 

1.024 

320 

1.68 

r-34 

I.  100 

640 

1. 71 

1-36 

I. 166 

In  order  to  see  the  connection  existing  between  the  con- 
ductivities in  each  solvent,  the  following  tables  are  given  for 
comparison  : 
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Table  XV. — Comparison  of  the  Molecular  Conductivities  of  Sil- 
ver Nitrate  in  Ethyl  Alcohol  and  Mixtures  of  It  with  Water 
at  2S°  C. 


Twenty-five 

Seventy-five 

One  hundred 

per  cent 

Fifty  per 

per  cent 

per  cent 

V. 

alcohol. 

cent  alcohol. 

alcohol. 

alcohol. 

19-43 



37.87 

27.01 

14.26 

38.86 

59.70 

39.50 

30.43 

16.96 

77.73 

62.75 

42.42 

33-65 

20.11 

155-47 

63.82 

45.15 

35-94 

23.87 

310.95 

64.87 

47-13 

39.01 

26.46 

621.89 

68.28 

49.39 

40.14 

30.62 

It  is  seen  from  these  values  that  the  molecular  conductivity 
in  ethyl  alcohol  and  mixtures  with  water  does  not  show  a 
minimum  in  the  ordinary  range  of  dilution,  but  still  does  not 
obey  the  law  of  mixtures.  This  is  in  accordance  with  Jones 
and  Lindsay's  work  on  potassium  iodide.  In  that  case  they 
did  not  find  a  trace  of  a  minimum  at  25°. 

The  values  in  Table  XV.  are  plotted  as  curves  in  Fig.  I., 
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the  abscissae  representing  the  different  per  cents  of  alcohol, 
and  the  ordinates  the  molecular  conductivities. 

Table  XVI. — Comparison  of  the  Molecular  Conductivities  of  Sil- 
ver Nitrate  in  Ethyl  Alcohol  and  Mixtures  of  It  with  Water 
at  0°  C. 


V. 

Twenty-five 
per  cent 
alcohol. 

Fifty  per 
cent  alcohol. 

Seventy-five 
per  cent 
alcohol. 

One  hundred 
per  cent 
alcohol. 

9.71 

.... 

.... 



7. II 

19-43 

.... 

15-25 

13.12 

8.90 

38.86 

25-95 

15.81 

14.30 

11-35 

77-73 

26.65 

17.04 

16.79 

13.10 

55-47 

26.45 

17.92 

19.48 

15-13 

310.95  28.72  19.10  18.00  17-04 

621,89  28.84  19-90  19-41  19-43 

1243.78         —        20.79         —  — 

These  values  are  plotted  in  Fig.  II.  The  curves  are  of  the 
same  general  form  as  in  Fig.  I.  No  distinct  minimum  is 
shown,  but  the  form  of  the  curve  indicates  that  a  minimum 
value  is  approached. 

Table  XVII. — Comparison  of  the  Molecular  Conductivities  of 
Silver  Nitrate  in  Water ^  Methyl  Alcohol,  and  Mixtures  of 
These  Solvents  at  2§°  C. 

Twenty-five  Seventy-five  One  hundred 

per  cent  Fifty  per        per  cent  per  cent 

V.  Water.  alcohol.       cent  alcohol,      alcohol.  alcohol. 


10 

99.46 

.... 

.... 

.... 

35-77 

20 

105.72 

.... 

53-33 

48.20 

44.67 

40 

110.22 

72.68 

56.80 

52.33 

53-42 

80 

II5-8I 

75-56 

59-75 

57-17 

62.95 

160 

119.86 

79-34 

63.22 

61.31 

70.36 

320 

125.08 

82.93 

65.85 

63.23 

80.17 

640 

125.86 

83-91 

68.67 

69.42 

88.22 

1280 

125-35 

.... 

.... 



.... 

These  values  are  plotted  in  Fig.  III.  In  nearly  every  case 
the  minimum,  as  shown  by  the  curve,  lies  between  mixtures 
of  the  solvents  containing  respectively  50  and  75  per  cent  of 
alcohol. 
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Table  XVIII. — Comparison  of  the  Molecular  Conductivities  of 
Silver  Nitrate  in  Water,  Methyl  Alcohol,  and  Mixtures  of 
These  Solvents  at  0°  C. 


Twenty-five 

Seventy-five 

One  hundred 

per  cent 

Fifty  per 

per  cent 

per  cent 

V. 

Water. 

alcohol. 

cent  alcohol. 

alcohol. 

alcohol. 

10 

55.72 



.... 



25.96 

20 

58.63 



27.27 

27.98 

32.63 

40 

63.10 

35-63 

28.63 

30.03 

39-71 

80 

63.16 

36.95 

29.93 

32.81 

45-28 

160 

65.38 

3903 

31-47 

35-22 

51-09 

320 

69.91 

41.03 

32.29 

35-71 

56-71 

640 

71-05 

41-23 

34.67 

40.27 

61.42 

1280 

70-59 

.... 

.... 

.... 

.... 
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These  results  are  plotted  in  Fig.  IV.     The  curves  are  of 


Fig.  IV. 

the  same  general  form  as  the  curves  in  Fig.  III.  They  differ, 
however,  in  some  respects.  The  chief  difference  is  that  the 
minimum  point  has  shifted  to  the  left,  corresponding  now  to 
an  alcohol-water  mixture  not  far  from  50  per  cent. 

From  the  above  results  it  is  clear  that  silver  nitrate  is  not 
an  exception  to  the  general  relation  found  by  Jones  and 
lyindsay.  It  was  now  interesting  to  see  what  effect  alcohol 
would  have  upon  the  relative  velocities  of  the  ions,  especially 
in  the  mixtures  of  methyl  alcohol  and  water.  This  case 
seemed  to  offer  a  good  field  for  investigation.  Therefore, 
this  particular  part  of  the  problem  was  taken  up,  and  a  few 
determinations  of  relative  velocities  were  made  in  ethyl  alco- 
hol. 
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Relative  Velocities  of  Io7is. 

In  the  last  few  years  a  large  number  of  investigations  have 
appeared  on  the  relative  velocities  of  ions.  Most  of  them, 
however,  have  had  to  deal  with  aqueous  solutions  of  a  large 
number  of  substances.  Few  have  determined  the  relative 
velocities  in  methyl  and  ethyl  alcohol,  and  practically  nothing 
has  been  done  upon  mixtures  of  these  solvents. 

In  most  of  the  later  investigations  new  forms  of  apparatus 
have  been  devised,  many  of  them  being  very  complicated. 
The  question  arises  whether  such  a  high  degree  of  complexity 
is  necessary  for  effecting  the  electrolysis  and  separation  of  the 
solutions.  In  many  of  the  new  forms  no  special  means  were 
provided  for  the  final  separation  of  the  solutions,  some  de- 
pending simply  upon  the  difference  in  specific  gravities  of  the 
solutions  resulting  from  the  electrolysis.  Discrepancies  in 
the  results  are,  therefore,  probably  due  in  part  to  the  incom- 
plete separation  of  the  two  portions  of  the  solution.  But  one 
form  has  been  described  which  prevents  diffusion.  This  ap- 
paratus was  devised  by  Jones  and  Mather,  in  this  University, 
and  has  already  been  fully  described. 

From  an  examination  of  the  different  forms  of  apparatus, 
that  used  by  Mather  seemed  best  adapted  for  this  investiga- 
tion, but  some  very  serious  difficulties,  pointed  out  in  part  by 
Mather  in  his  paper,  had  to  be  overcome.  These  difficulties, 
however,  were  avoided  by  devising  the  apparatus  shown  in 
Plate  I. 

The  two  limbs  are  20  cm.  long  and  2  cm.  in  diameter,  with 
the  electrodes  inserted  from  the  top  through  ground-glass 
stoppers.  Just  below  the  stoppers  two  small  tubes  are  at- 
tached, which  extend  outward  and  upward,  the  vertical  part 
being  graduated  in  millimeters.  The  lower  part  of  this  small 
tube  is  5  mm.  in  diameter,  and  the  vertical  part  is  about  3 
mm. 

The  limbs  are  connected,  3  cm.  below  the  stoppers,  by  a 
U-tube  1.5  cm.  in  diameter,  in  the  same  plane  with  the  limbs. 
The  bottom  of  the  U-tube  is  5  cm.  above  the  lower  ends  of  the 
limbs.     At  the  center  of  the  U-tube  is  a  stop-cock  of  8  mm. 
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bore.  The  electrodes  were  made  of  pure,  round,  silver  plates, 
into  which  a  platinum  wire  was  riveted  in  order  to  seal  them 
into  glass  tubes  running  through  the  ground-glass  stoppers. 
The  small  amount  of  platinum  exposed  in  the  bottom  of  the 
silver  plate  was  covered  by  a  thin  coating  of  fusion  glass. 
The  glass  tubes  were  then  firmly  secured  in  the  ground-glass 
stoppers  by  means  of  a  piece  of  black  rubber  tubing,  which 
was  placed  on  the  tube  and  through  which  it  was  forced. 
The  electrical  connection  was  then  made  by  filling  the  tubes 
with  mercury,  which  made  connection  with  the  silver  plate 
by  means  of  the  platinum  wire  riveted  into  the  plate,  as  was 
stated  above. 

This  form  of  apparatus  could  easily  be  placed  in  a  thermo- 
stat on  hooks  arranged  for  that  purpose,  which  supported  the 
apparatus  under  the  U-tube. 

In  order  to  keep  a  constant  temperature,  the  thermostat- 
bath  represented  in  Plate  II.  was  constructed.  This  proved 
to  be  very  efficient,  remaining  constant  to  within  o°.i,  and  at 
the  same  time  affording  plenty  of  room  for  three  pieces  of  ap- 
paratus and  voltameters.  It  consists  of  a  wooden  box  2  feet 
long,  14  inches  wide,  and  10  inches  deep,  lined  inside  with 
heavy  galvanized  iron.  The  iron  lining  extends  to  within 
one-half  an  inch  of  the  top  of  the  wooden  box.  One  and  one- 
half  inches  from  the  top  of  the  box  a  heavy,  movable  shelf  was 
arranged  in  which  the  three  voltameters  could  be  placed  and 
kept  at  a  constant  temperature.  In  the  bottom  of  the  wooden 
box  a  hole  14  inches  square  was  lined  only  with  metal,  so  that 
a  small  flame  could  be  applied.  Hooks  were  arranged  on 
the  side  of  the  bath  opposite  the  shelf  for  the  voltameters,  and 
for  the  apparatus  represented  in  Plate  I.,  which  was  suspended 
from  them.  The  bath  was  then  filled  with  water  to  the  level  of 
the  shelf  and  kept  at  constant  temperature  by  means  of  an  Ost- 
wald  thermoregulator.  In  order  to  secure  a  uniform  tem- 
perature the  water  in  the  bath  was  kept  in  constant  motion 
by  a  stirrer,  which  was  driven  by  a  small  hot-air  engine. 
For  determinations  at  0°  the  bath  was  filled  with  finely 
broken  ice,  and  the  apparatus  placed  in  the  bath  in  the  same 
manner  as  in  the  25°  bath.     The  wooden  casing  of  the  bath, 
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in  determinations  at  this  temperature,  serves  as  a  poor  con- 
ductor of  heat.  All  of  the  electrical  connections  attached  to 
the  bath  were  placed  upon  a  block  of  hard  rubber  to  prevent 
any  leak  of  current. 

Special  precautions  were  also  taken  in  all  the  wiring  about 
the  bath.  Flexible  insulated  wire  was  used,  and  wherever 
two  wires  crossed  additional  precaution  was  taken  to  run 
them  through  rubber  tubing.  The  box  was  also  covered  thickly 
with  shellac  as  an  additional  precaution.  Two  currents 
of  different  strengths  were  used.  One  current  of  60  volts  was 
supplied  by  a  storage  battery.  The  other  current  of  1 10  volts 
was  supplied  directly  from  the  power  house.  In  every  case 
the  current  was  measured  by  means  of  a  voltameter,  consist- 
ing of  platinum  crucibles  and  pure  silver  anodes.  The  plati- 
num crucibles  were  placed  in  weighing-flasks  to  insulate 
them  entirely  from  each  other,  and,  at  the  same  time,  to  serve 
as  a  convenient  means  of  placing  them  upon  their  supports  in 
the  constant-temperature  bath.  Connections  with  the  circuit 
were  made  by  placing  the  platinum  crucible  upon  a  copper 
plate  to  which  a  wire  had  been  soldered. 

The  anode  of  pure  silver  was  suspended  in  the  platinum 
crucible  by  running  it  through  a  rubber  stopper,  which  fitted  the 
weighing-glass  and  also  served  as  a  cover  to  it.  The  silver 
anode  was  also  inserted  into  a  clean  linen  bag  to  prevent  any 
small  particles,  which  become  detached  from  the  anode,  from 
falling  into  the  crucible  and  therefore  being  weighed  with  the 
silver  deposited  by  the  current. 

The  platinum  crucibles  were  treated  with  fused  acid  potas- 
sium sulphate,  then  boiled  with  nitric  acid,  heated  in  the 
flame  of  the  blast-lamp,  cooled  in  a  desiccator,  and  weighed 
before  each  experiment.  The  deposit  formed  by  the  current 
was  treated  in  accordance  with  the  directions  recommended 
by  Richards'  in  his  investigation  upon  the  determination  of 
the  chemical  equivalent  of  copper  and  silver. 

Preparatio7i  of  Solutions. 
The  analysis  in  every  case  was  made  by  titration  with  am- 

1  Ztschr.  phys.  Chem.,  41,  302  (1902). 
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monium  sulphocyanate,  ferric  atamonium  sulphate  being 
used  as  the  indicator.  Special  care  was  taken  in  the  prepara- 
tion of  the  solutions,  and  their  strength  was  determined  by 
titration  with  standard  solutions  of  potassium  chloride. 

In  the  preparation  of  the  solutions  of  potassium  chloride  the 
pure  salt,  which  had  been  purified  especially  for  conductivity 
work,  was  used.  Small  amounts  of  this  salt  were  weighed 
and  dissolved  in  water.  It  was  then  titrated  against  the  sil- 
ver nitrate.  The  silver  nitrate  used  was  Kahlbaum's  best 
material,  which  was  free  from  anj'  detectable  impurities. 

The  water  employed  in  the  preparation  of  the  solutions  was 
obtained  by  redistillation  of  ordinar}^  distilled  water,  essentially 
b}'  the  method  described  by  Jones  and  Mackay.^  The  ordi- 
nar}^  distilled  water,  to  which  a  solution  of  chromic  acid  had 
been  added,  was  boiled,  and  the  steam  passed  through  a  boil- 
ing solution  of  barium  hydroxide. 

The  absolute  alcohol  was  prepared  by  distillation  from 
quicklime,  further  dehydrated  with  anhydrous  copper  sul- 
phate, and  finally  distilled  from  a  small  amount  of  sodium  just 
before  using.  In  the  preparation  of  the  solutions  in  absolute 
alcohol  the  following  method  was  adopted  :  The  silver  ni- 
trate was  placed  in  a  dry  measuring-flask.  The  latter  was 
filled  with  alcohol,  b}'  means  of  a  siphon,  from  the  bottle  con- 
taining the  alcohol  which  had  been  distilled  from  sodium. 
The  alcohol  was  thus  not  allowed  to  come  in  contact  with 
moisture.  The  bottle  was  closed  by  a  two-hole  rubber  stop- 
per. Through  one  hole  the  siphon  passed,  and  through  the 
other  the  drying-tube  which  permitted  the  air  to  enter  the 
flask.  The  siphon  led  to  a  Gooch  funnel,  which  was  also 
closed  with  a  two-hole  rubber  stopper  ;  the  siphon  passed 
through  one  hole  and  another  drying-tube  through  the  other 
one.  The  funnel  was  connected  with  the  measuring- 
flask  and  alcohol  siphoned  into  it.  The  resulting  solution  of 
silver  nitrate  was  then  removed  to  a  dry  bottle  which  was 
closed  with  a  rubber  stopper,  connection  with  the  interior  be- 
ing made  by  a  glass  tube  and  drying-tube. 

When  it  was  desired  to  draw  ofl  part  of  the  solution  either 

1  This  Journal,  19,  91  (1897). 
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for  analysis  or  to  fill  the  apparatus,  the  point  of  a  burette 
was  connected  with  the  glass  tube  in  the  bottle  by  means  of  a 
rubber  tube,  and  the  solution  was  drawn  up  into  the 
burette  by  aspiration  through  a  drying-tube  which  closed  its 
upper  end.  The  burette  was  then  connected  with  one  of  the 
small  graduated  tubes  on  the  apparatus,  the  other  one  being 
closed  by  a  Bunsen  valve.  The  two  small  tubes  were 
connected  and  the  apparatus  tilted  first  one  way  and  then  the 
other  in  order  to  remove  the  last  trace  of  air  from  beneath  the 
stoppers.  Each  tube  was  then  closed  with  a  Bunsen  valve, 
and  the  apparatus  placed  in  the  constant-temperature  bath. 
The  connections  with  the  circuit  and  voltameter  being  made, 
the  electrolysis  was  begun. 

Calibration  of  Apparatzis. 

The  first  calibration  of  the  apparatus  was  by  weighing  first 
the  empty  apparatus,  then,  with  one  side  full  of  water,  and 
finally  with  both  sides  full.  In  this  way  the  exact  contents  of 
the  apparatus  could  not  be  determined,  but  the  ratio  between 
the  two  sides  could  be  obtained. 

The  second  and  subsequent  calibrations  were  made  by 
measuring  the  contents  of  each  side  with  a  burette,  which  had 
previously  been  calibrated  by  means  of  the  apparatus  de- 
signed by  Morse  and  Blalock." 

Calibration  No.  7,  December  y^  1903. 
Apparatus  No.  i  : 

Weight  of  empty  apparatus  287.95 
"         "  apparatus  with  left  side 

full  of  water  356.325 

Weight  of  apparatus  full  of  water  423.675 
Therefore,  right  side  contains  49-623  per  cent 

"  left  side  contains  50-377       " 

Apparatus  No.  2  : 

Weight  of  epmty  apparatus  265.52 
"         "  apparatus  with  left  side 

full  of  water  330-9i 

Weight  of  apparatus  full  of  water  396.50 
Right  side  contains  49.924  per  cent 

Ivcft       "  "  50.076 

1  This  Journal,  i6,  479  (1894). 
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Apparatus  No.  3  : 

Weight  of  empty  apparatus  267.79 
"  apparatus  with  left  side 

full  of  water  329.95 
Weight  of  apparatus  full  of  water      390.77 

Right  side  contains  49-455  per  cent 

Left       "           "  50.545        " 

Calibratioji  No.  2,  Jajiuary  11,  1^04. 
Apparatus  No.  i  : 

Contents  of  right  side  67.71     cc. 

.    "     .    "  jeft       "  68.73     " 

Right  side  contains  49.616  per  cent 

I.eft       "            "  50.384 

Apparatus  No.  2  : 

Contents  of  right  side  65.39    cc. 

"          "  left       "  65.21      " 

Right  side  contains  50.07  per  cent 

Left       "           "  49.93       " 

Apparatus  No.  3  : 

Contents  of  right  side  62,44    cc. 

o-    r     -."^^^^   •    "  ^3-34     " 

Right  side  contains  49.485  per  cent 

Left       "           "  50.515       " 

Calibration  No.  j,  February  /j,  igo^. 
Apparatus  No.  i  : 

Contents  of  right  side  68.43    cc. 

.    "     _    "  left       "  68.61      " 

Right  side  contains  49-934  per  cent 

Left       "           "  50.066 
The  position  of  electrodes  in  this  apparatus  was  changed 
just  before  the  calibration. 

Apparatus  No.  2  : 

Contents  of  right  side  65.82    cc. 

.    "     .   "  left       "  65.42     " 

Right  side  contains  50.114  percent 

Left       "          "  49.886        " 

Apparatus  No.  3  : 

Contents  of  right  side  62  30    cc 

"  left       "  63.64     "■ 

Right  side  contains  49.468  per  cent 

-LrCtt  50.532 
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Calibratio7i  No.  4,  March  21,  IQ04. 

Apparatus  No.  i  : 

Contents  of  right  side  68.56    cc. 

"  left       "  68.66     " 

Right  side  contains  49.963  per  cent 

Left       "  "  50.037 

Apparatus  No.  2  : 

Contents  of  right  side  66.10    cc. 

"  left       "  65.85     " 

Right  side  contains  49-447  per  cent 

Ivcft       "  "  50.533 

Apparatus  No.  3  : 

Contents  of  right  side  62.45    cc. 

"left       "  63.85     " 

Right  side  contains  49-447  per  cent 

I^eft       "  "  50.553 

Measurement  of  Relative  Velocities. 

Knowing  the  relation  between  the  two  sides  of  the  appara- 
tus, the  experiments  were  carried  out  as  follows  :  The  ap- 
paratus was  filled  from  the  burette,  as  described  above,  to  the 
zero  mark  on  each  side.  The  open  ends  of  the  small  leveling 
limbs  were  then  closed  by  Bunsen  valves,  and  the  whole 
placed  in  the  bath  by  supporting  it  on  hooks  arranged  for 
that  purpose.  The  water  in  the  bath  and  the  solution  in  the 
apparatus  were  practically  the  same  height,  as  the  apparatus 
was  immersed  until  the  bottom  of  the  ground-glass  stoppers 
were  on  a  level  with  the  surface  of  the  water. 

Connection  with  the  circuit  and  voltameters  being  made, 
the  electrolysis  was  allowed  to  proceed  until  enough  silver 
was  deposited  in  the  voltameters  to  be  weighed  accurately, 
the  deposit  usually  weighing  between  0.05  to  o.io  gram. 
The  time  of  the  electrolysis  depended  upon  the  resistance  of- 
fered by  the  solution.  At  the  close  of  the  electrolysis  the 
apparatus  was  removed  from  the  bath,  and  the  level  of  the 
solution  in  the  apparatus  brought  to  corresponding  gradua- 
tions on  each  leveling-tube.  The  stop-cock  was  then  closed 
and  the  contents  were  carefully  washed,  filtered  through 
glass  wool  or  washed  asbestos  to  remove   any  disintegrated 
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silver,  made  up  to  a  known  volume,  and  analyzed.  The  ac- 
curacy of  the  results  was  determined  by  comparing  the 
amount  of  silver  found  on  analysis  with  that  calculated  from 
the  amount  of  solution  placed  in  the  apparatus  at  the  begin- 
ning of  the  experiment.  With  this  data  the  relative  velocities 
of  the  ions  could  easily  be  calculated  as  follows  :  The  amount 
of  silver  found  in  the  apparatus  as  a  whole  was  multiplied  by 
the  per  cent  contained  on  the  side  that  increased,  thus  giving 
the  amount  of  silver  contained  on  that  side  at  the  beginning 
of  the  experiment.  This  was  then  subtracted  from  the  amount 
found  on  that  side  by  analysis,  which  gave  the  amount  of  in- 
crease due  to  electrolysis.  This  increase  was  then  divided 
by  the  weight  of  the  silver  deposited  in  the  voltameter,  the 
result  being  the  relative  velocity  of  the  anion.  The  strength 
of  the  current  in  no  case  exceeded  0.005  ampere. 

Silver  Nitrate  in  Water. 

In  these  determinations  the  apparatus  was  filled,  and  the 
experiment  carried  out  as  described  above.  After  the  elec- 
trolysis each  side  was  carefully  washed  out,  filtered  through 
glass  wool,  and  diluted  to  200  cc.  Aliquot  parts  of  this  were 
then  taken  and  titrated  against  a  standard  solution  of  ammo- 
nium sulphocyanate.  At  the  beginning  of  this  investigation 
the  titrations  of  several  of  the  determinations  were  made  with 
N/io  ammonium  sulphocyanate,  but  it  was  soon  found  that 
this  was  too  concentrated  to  give  good  results,  since  the 
burette  could  not  be  read  with  sufi&cient  accuracy  to  obviate 
a  large  experimental  error.  Another  very  serious  difiiculty 
was  that  in  titrating  such  a  strong  solution  against  a  com- 
paratively weak  one,  in  many  instances,  the  smallest  fraction 
of  a  drop  that  could  be  used  would  go  considerably  beyond 
the  neutral  point. 

To  prevent  these  experimental  errors  the  titrations  were 
made  with  a  N/25  solution  of  ammonium  sulphocyanate. 
With  a  solution  of  this  strength  the  point  of  change  could 
easily  be  distinguished,  and  the  error  in  reading  the  burette 
would  be  diminished,  since  a  larger  volume  of  solution  would 
be  used.     The  results  of  these  determinations  are  given  in 
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the  following  table.     In  this,  as  in  all  subsequent  tables,  the 
following  symbols  will  be  used  : 

/  =  temperature  of  the  bath. 

m  =  concentration  of  the  solution  in  gram-molecular  weights 
per  liter. 

c  =z  change  in  concentration  expressed  in  number  of  cubic 
centimeters  of  N/io  silver  nitrate. 

V  =:  amount  of  silver  in  grams,  deposited  in  the  voltameter. 

a  =  velocity  of  the  anion. 
Table  XIX. — Relative  Velocity  of  the  Ayiion  of  Silver  Nitrate  in 

Water  at  2^° . 


25° 

O.I 

20.964 

0.4320 

0.5238 

25° 

O.I 

20.034 

0.4126 

0.5260 

25° 

O.I 

12.705 

0.2622 

0.5230 

25° 

O.I 

12.452 

0.2535 

0.5301 

25° 

O.I 

13.008 

0.2587 

0.5387 

Values  obtained   by  other  observers,  although  at  different 
temperatures,  are  given  in  the  following  table  : 

Table  XX. — Relative  Velocity  of  the  Anion  of  Silver  Nitrate 
Determined  by  Other  Observers  in  Aqueous  Solution  at  Dif- 
fere7it  Temperatures. 


29°. I 

0.1 

0.5317  Mather 

45° 

0.025 

0.5246 

47°-7 

O.I 

0.5280       " 

47°.9 

O.I 

0.5272 

47°-4 

O.I 

0.5286       " 

19° 

0.II8 

0.526    Hittorf 

19° 

0.055 

0.526 

19° 

0.024 

0.526 

20° 

0.1043 

0.528    Nernst  and  Loeb 

26° 

0.0521 

0.524         "         "       " 

26° 

0.0230 

0.522         "         "       " 

26° 

0.0105 

0.523         "         "       " 

Table  XXL- 

-Relative    Velocity  of  the  Anion  of  Silver  Nitrate 

in  Aqueous 

Solution  at  0°  C. 

m. 

c. 

V.                                     a. 

0.102 

6.3370 

O.I2I4                       0.5633 

0.102 

6.4940 

0.1229                       0.5622 

0.102 

6.2480 

O.II98                       0.5629 
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Table  XXII. — Relative  Velocity  of  the  Anion  of  Silver  Nitrate 
as  Determined  by  Other  Observers  i7i  Aqueous  Solution  at  0°. 

m. 

O.I  0.5414  Mather 

0.1  0.5401        " 

0.1  0.5413 

0.025  0.5377 

0.025  0.5380  Nernst  and  lyoeb 

These  values  differ  considerably  from  those  obtained  in  this 
investigation  at  the  same  temperature.  In  the  determination 
of  the  first  three  by  Mather,  he  measured  the  current  with  a 
d'Arsonval  galvanometer,  and  by  this  means  only  determined 
the  average  strength  of  the  current,  thus  probably  introducing 
a  considerable  experimental  error. 

In  the  last  two  determinations  in  Table  XXII.  the  current 
in  both  cases  was  measured  by  a  silver  voltameter,  but  the 
concentration  of  the  solution  was  less,  and,  as  is  well  known, 
a  decrease  in  concentration  diminishes  the  relative  velocity 
of  the  swifter  ion. 

Table  XXIII. — Relative  Velocity  of  the  Anion  of  Silver  Nitrate 
in  Ethyl  Alcohol  at  2^°  C. 

m.                                c.  V.                                   a. 

O.IOI2  2.893  0.0510  0.6122 

0-0763  5.584  0.I02I  0.5903 

0.0763  5.580  O.IOI3  0.5945 

0,0784  5-343  0.0942  0.6121 

0-094  3.625  0.0663  0.5903 

0.094  4-617  0.0840  0.5932 

The  solutions  of  silver  nitrate  in  ethyl  alcohol  offered  great 
resistance  to  the  current,  and  where  the  large  changes  in  con- 
centration were  obtained  the  current  was  allowed  to  run  for 
ten  or  twelve  hours. 

Table  XXIV. — Relative  Velocity  of  the  Anion  of  Silver  Nitrate 
in  Methyl  Alcohol  at  2^°  C. 

m.  c.  V.  a. 

o.ioo       8.964      0.1655      0.5849 
o.ioo       8.971      0.1684      0.5800 

O.IOO  8.222         O.I517         0.5849 

0.098  5-891         0.1098         0.5789 

0.098  5-726         0.1086         0.5700 
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A  much  larger  change  in  concentration  was  obtained  in 
these  determinations  than  in  those  in  ethyl  alcohol,  because 
the  silver  nitrate  was  considerabl}'  more  soluble  in  methyl 
than  in  ethyl  alcohol,  and  thus  the  electrolysis  could  proceed 
further  without  danger  of  the  determination  being  lost  on  ac- 
count of  the  cathode  and  anode  liquids  becoming  mixed. 

Table  XXV. — Relative  Velocity  of  the  Anion  of  Silver  Nitrate 
in  Methyl  Alcohol  at  o°. 


0.097 

3-4570 

0.0639 

0.5823 

0.097 

3-8530 

0.0722 

0.5898 

0.096 

3-1447 

0.0572 

0.5933 

0.096 

2.2730 

0.0422 

0.5861 

0.096 

■WW!  ^T 

3.0962 

r>  .1  ^  J.- J 7 -  } • 

0.0572 
J-  .r  11.  .      1      • 

0.5842 
-r    c-.-r 

Table  XXVI. — Relative  Velocity  of  the  Anio7i  of  Silver  Nitrate 
in  a  Mixture  of  2^  Per  Cent  Methyl  Alcohol  a7id  Water  at 

2f- 


O.I 

6.6280 

0.1285 

0.5567 

O.I 

6.4530 

0.1258 

0.5536 

O.I 

6.2880 

0.I23I 

0.5513 

Table  XXVII. — Relative  Velocity  of  the  Anion  of  Silver  Ni- 
trate in  a  Mixture  of  2^  Per  Cetit  Methyl  Alcohol  atid 
Water  at  0°. 


0.103 

3.762 

0.0748 

0.5428 

0.103 

3-682 

0.0741 

0.5368 

0.104 

4-045 

0.0821 

0.5317 

0.104 

4.089 

0.0822 

0.5375 

0.104 

4.255 

0.0851 

0.5396 

0.104 

4.274 

0.0854 

0.5402 

0.104 

4.316 

0.0851 

0.5474 

0.103 

3-197 

0.0654 

0.5276 

Table  XXVI I L— Relative  Velocity  of  the  Anion  of  Silver  Ni- 
trate in  a  Mixture  0/  jo  Per  Cent  Methyl  Alcohol  and 
Water  at  25° . 


0.104 

6.176 

O.I  104 

0.6037 

0.104 

6.310 

O.II28 

0.6037 

0.104 

6.147 

0.III4 

0.5955 
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Table  XXIX. — Relative  Velocity  of  the  Anion  of  Silver  Nitrate 
in  a  Mixture  of  ^o  Per  Cent  Methyl  Alcohol  and  Water 
at  o°. 


0.1048 

2.8080 

0.5730 

0.5289 

0.1048 

3-1540 

0.6410 

0.5308 

0.1048 

3-1140 

0.6340 

0.5301 

Table  XXX. — Relative  Velocity  of  the  Anion  of  Silver  Nitrate 
in  a  Mixture  of  j§  Per  Cent  Methyl  Alcohol  and  Water 
at  23°. 


0.104 

6.058 

0.1 106 

0.5912 

0.104 

4.534 

0.0832 

0.5881 

0.104 

4-474 

0.0820 

0.5888 

0.107 

1.903 

0.0348 

0.5902 

0.107 

2.954 

0.0538 

0.5926 

Table  XXXI. — Relative  Velocity  of  the  Anion  of  Silver  Nitrate 
in  a  Mixture  of  y^  Per  Cent  Methyl  Alcohol  and  Water 
at  0°. 

m.  c.                                 V.                                    a. 

0.099  3.092  0.0589  0.5666 

0.099  3.021  0.0578  0.5641 

0.099  3-055  0.0580  0.5686 

0.096  3.000  0.0571  0.5670 

0.098  3.033  0.0575  0.5693 

0.095  1.680  0.0319  0.5685 

In  order  to  see  the  connection  existing  between  the  rela- 
tive velocities  of  the  anion  of  silver  nitrate  in  water,  methyl 
alcohol,  and  the  various  mixtures  of  these  solvents,  the  fol- 
lowing table  is  given  : 

Table  XXXII. — Relative  Velocity  of  the  Anion  of  Silver  Nitrate 
in  Water,  Methyl  Alcohol,  a?id  Mixtures  of  these  Solvents. 

Twenty-five         Fifty  per        Seventy-five     One  hundred 
I.  o.  per  cent.  cent.  per  cent.  per  cent. 

25°     0.5285     0.5538     0.6010     0.5902     0.5797 

0°     0.5628     0.5379     0.5299     0.5673     0.5871 

The  values  in  this  table  are  plotted  in  Fig.  V.,  the  ab- 
scissae representing  the  per  cent  of  alcohol  and  the  ordi- 
nates  representing  the  relative  velocity.     The  curve  at  25° 
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shows  a  maximum  value  in  the  50  per  cent  mixture,  while  at 
o"  a  minimum  value  is  shown  in  the  same  solvent.  The 
curves  are  also  exactly  opposite  in  every  respect.     The  course 


of  the  curves  may  be  explained  as  follows  :  The  law  of 
Kohlrausch^  shows  that  the  molecular  conductivity  at  infinite 
dilution  is  equal  to  the  sum  of  two  independent  constants, 
which  are  in  fact  the  velocities  of  the  ions  at  infinite  dilution 
calculated  in  terms  of  conductivity  units,  that  is, 

A  +  C  =  ywoo  , 

A  representing  the  anion,  C  the  cation,  and  >woo  conduc- 
tivity at  infinite  dilution. 

In  this  investigation,  however,  the  conductivity  at  infinite 

1  Wied.  Ann.,  26,  194  (1895). 
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dilution  in  these  various  solvents  has  not  been  determined, 
but  by  Ostwald's^  modification  of  the  law  of  Kohlrausch, 
which  takes  into  account  the  amount  of  dissociation, 

a(A  +  C)  =  /<oo  , 

a  representing  the  per  cent  of  dissociation,  it  is  possible  to 
calculate  aA  and  ^C  at  any  dilution  if  the  ratio  C/A  is 
known.  The  ratio  C/A  has  been  determined  for  a  N/io  solu- 
tion of  silver  nitrate  in  these  various  solvents. 

Hence,  if  we  have  the  conductivities  at  o°  and  at  25°  of  any 
dilution,  we  may  calculate  aC  and  «'A,  assuming  that  C/A 
is  practically  the  same  for  dilutions  of  about  the  same  order, 
which  is  not  improbable.  This  has  been  done  in  the  follow- 
ing table  for  a  dilution  of  z'  =:  40. 

Table  XXXIII. —  Velocities  of  the  Anion  and  Cation  of  Silver 
Nitrate  in  Water ^  Methyl  Alcohol,  and  Mixtures  of  these 
Solvents  Calculated  in  Conductivity  Units. 


CH3OH. 

CH3OH. 

CH3OH. 

CH3OH. 

CH3OH. 

0  per 
cent. 

25  per 
cent. 

50  per 
cent. 

75  per 
cent. 

100  per 
cent. 

Anion, 

25° 

58.25 

40.24 

34-65 

30.88 

30.96 

Cation, 

0° 

25° 

35-51 
51-97 

19.18 
32-44 

15-71 
22.15 

17.04 

21-45 

23-31 
22.46 

( 1 

0° 

27-59 

16.46 

12.92 

12.99 

16.40 

Having  calculated  these  values  of  C  and  A  for  the  two  tem- 
peratures, 0°  and  25°,  we  may  calculate  the  temperature  co- 
efl&cients  of  ionic  mobility,  not  the  true  coefficients,  however, 
but  a  (a  constant)  times  the  true  coefficient.  The  variation 
of  a,  as  was  shown  by  Jones  and  Douglas,'  is  not  appreciable 
over  a  range  of  25",  and,  therefore,  the  above  procedure  is 
allowable.     This  has  been  done  in  the  following  table. 

A25  represents  the  ionic  velocity  of  the  anion  at  25°,  meas- 
ured in  conductivity  units. 

Aq  represents  the  ionic  velocity  of  the  anion  at  0°,  meas- 
ured in  conductivity  units. 

^A  represents  the  difference  in  the  velocities  of  the  anion, 
between  0°  and  25°,  or  is  equal  to  A^^  —  A^. 

1  lychrbuch  d.  allg.  Chem.,  II.,  672. 
*  This  Journal,  26,  428  (1901). 
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Cj5  represents  the  ionic  velocity  of  the  cation  at  25°,  meas- 
ured in  conductivitj'  units. 

C„  represents  the  ionic  velocity  of  the  cation  at  0°,  measured 
in  conductivity  units. 

C  represents  the  difference  in  the  velocities  of  the  cation 
between  0°  and  25°,  or  is  equal  to  0^5  —  Q. 

9^15  represents  fluidity  of  the  solvent  at  25°. 

^(p  represents  the  difference  in  the  fluidity  between  0°  and 
25^  or  is  equal  to  ^^s  —  9^o- 

^/represents  difference  in  temperature,  or  25°  —  0°. 

9?o  represents  fluidity  of  the  solvent  at  0°. 

Table  XXXIV. — Comparison  of  the  Relative  Temperature  Coeffi- 
cients of  Ionic  Mobility  for  the  Ions  of  Silver  Nitrate  in 
Water,  Methyl  Alcohol,  and  Various  Mixtures  of  these  Sol- 
vents, also  the  Temperature  Coefficient  of  Mobility  of  Sol- 
vent. 

CH3OH.  CH3OH.  CH3OH.  CH3OH.  CHsOH. 

o  per  cent.      25  per  cent.        50  per  cent.      75  per  cent.       100  per  cent- 

I        Z/A 

-^ -^       0.0156a     0.02090^,     o.023oa'2     o.oijgo'j     0.00980'^ 

I      ZfC 
-p -4T     0.0189a'     0.0197a',     o.oi66a'j     o.oi53a'3     0.01060'^ 

I     Aq> 
~'~aT        0.0249        0.0223        0.0216        0.0205        0.0121 

The  temperature  coefficients  of  mobility  of  the  solvents 
were  calculated  from  the  results  of  Traube,'  Pagliani,*  and 
Batelli.^  The  relative  temperature  coefficients  for  the  anion 
and  cation  in  the  same  solvent  are  strictly  comparable,  since 
«  is  a  constant  and  therefore  does  not  affect  the  result  of  the 
comparison. 

From  a  consideration  of  these  data  it  is  .seen  that,  in  the  pure 
solvents,  water  and  methyl  alcohol,  the  coefficient  for  the 
cation  is  greater,  whereas  in  the  mixture,  that  of  the  anion  is 
greater.  This  being  the  case,  C/A  in  the  pure  solvents  would 
approach  the  limiting  value  0.5,  as  the  temperature  rises,  and 

1  Ber.  d.  chem.  Ges.,  19,  871  (1889). 

2  Att.  d.  R.  Ac.  delle.  Sc.  d.  Torrino. 

3  /bid. 
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the  beginning  and  end  of  the  curve  of  relative  velocities  at  25° 
would  be  below  the  beginning  and  end  of  the  curve  for  0°. 

Since  in  the  mixtures  the  anion  has  a  larger  temperature 
coefl&cient,  the  curve  for  25°  will  pass  through  a  maximum, 
this  maximum  existing  in  that  mixture  where  the  irregularity 
between  the  two  temperature  coefficients  is  greatest,  that  is, 
the  50  per  cent  mixture. 

If  we  know  the  value  of  a,  the  dissociation  factor,  we  could 
calculate  the  true  temperature  coefficients  from  the  relative 
coefficients. 

At  the  dilution  used  (z^=  40)  the  dissociation  of  silver  ni- 
trate in  water  is  about  89  per  cent,  or  a  =  0.89.  It  has  been 
shown  by  Jones  and  Carroll'  in  the  case  of  certain  salts, 
sodium  iodide,  potassium  iodide,  and  potassium  bromide, 
that  in  50  per  cent  methyl  alcohol  a  =r  0.91  for  t/  =  32.  and 
0.93  for  z^=:  64.  We  should  not  make  an  appreciable  error 
if  we  assume  the  value  0.91  for  a  in  the  case  of  silver  nitrate 
in  the  50  per  cent  mixture  at  z^  ^  40.  The  real  temperature 
coefficient  would  then  be  0.0230X0.91^0.0212.  Kohl- 
rausch^  has  pointed  out  in  the  case  of  certain  ions  in  aqueous 
solutions  that  the  more  nearly  the  temperature  coefficients  of 
ionic  mobility  and  fluidity  (of  water)  are  equal,  the  greater 
is  the  effect  of  decrease  in  fluidity  in  lowering  ionic  mobility. 
This  would  probably  be  true  for  ions  in  mixed  solvents. 

Comparing,  then,  the  temperature  coefficients  of  mobility  of 
anion  and  cation,  and  fluidity  of  the  50  per  cent  mixture,  it  is 
seen  that  the  temperature  coefficient  of  the  NO,  ion  (0.0212) 
is  most  nearly  equal  to  that  of  fluidity  (0.0216).  Hence  the 
effect  of  decrease  in  fluidity  would  be  greatest  in  the  case  of 
the  NO3  ion  ;  that  is,  C/A  would  approach  the  limiting  value 
0.5,  and,  hence,  the  minimum  in  the  curve  in  the  50  per  cent 
mixture. 

The  fluidity  is  also  decreased  by  change  of  composition,  and 
the  resulting  change  in  ionic  mobility  will  be  greatest  in  the 
case  of  that  ion  whose  temperature  coefficient  is  most  nearly 

1  This  Journal,  3a,  5J1  (1904). 

*  Sitz.  Ber.  d.  Berlin  Ak.,  1902,  p.  572. 
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equal  to  the  temperature  coefficient  of  fluidity.     This  is  the 

case  with  the  NO,  ion  ;  therefore,  this  ion  will  be  the  most 

+ 
affected,  and  the  ratio  between  its  velocity  and  that  of  the  Ag 

ion  will  become  less,  that  is,  approach  the  limit  0.5  and  there 
will  therefore  be  a  minimum  in  the  curve. 

Conclusions. 

1.  A  study  of  the  conductivity  of  silver  nitrate  in  water, 
methyl  alcohol,  and  mixtures  of  these  solvents,  leads  to  the 
conclusion  that  silver  nitrate  is  not  an  exception  to  the  general 
phenomenon  discovered  by  Zelinsky  and  Krapiwin'  and 
studied  extensively  by  Jones  and  Lindsay  in  this  University. 
•The  minimum  point  in  the  conductivity  was  found  for  silver 
nitrate  in  these  solvents  at  25°  as  well  as  at  0°. 

2.  The  conductivity  of  silver  nitrate  in  water,  ethyl  alcohol, 
and  mixtures  of  these  solvents  does  not  show  a  minimum 
point  either  at  25°  or  at  0°,  but  a  study  of  the  curves  repre- 
senting these  conductivities  leads  to  the  conclusion  that  ato" 
a  minimum  is  approached. 

3.  By  comparing  the  conductivities  at  0°  with  those  at  25' 
the  conclusion  can  be  drawn  that  the  influence  of  one  solvent 
on  the  other  decreases  with  rise  in  temperature. 

4.  The  difference  in  the  relative  velocities  observed  in  the 
pure  solvents  at  0°  and  25°  become  less  as  the  temperature 
rises,  and  the  velocities,  therefore,  tend  toward  equality. 
This  has  already  been  observed  for  pure  solvents,  but  it  does 
not  hold  in  the  case  of  mixed  solvents.  That  exactly  the  op- 
posite is  true  in  most  mixtures  is  seen  by  examining  Fig.  V. 

5.  The  relative  velocities  are  largely  dependent  on  the 
nature  of  the  solvent. 

6.  In  mixed  solvents  the  relative  velocities  are  dependent 
on  both  the  temperature  and  composition  of  the  mixture. 

'  Ztschr.  phys.  Chem.,  ai,  35  (1897). 
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ON  THE  REACTIONS  OF  ETHYL  CHLORSUL- 
PHONATE. 

By  O.  W.  Willcox. 

Ethyl  chlorsulphonate,  C2H5OSO2CI,  was  first  prepared  by 
R.  Williamson,^  in  1857,  and  has  since  been  studied  by  a 
number  of  chemists.  The  latest  of  these  investigations  was 
carried  out  in  this  laboratory  by  Bushong/  who  studied  its 
behavior  towards  sodium  alcoholates  and  aniline  and  proved 
that  it  acts  as  an  alkylating  agent. 

At  the  suggestion  and  under  the  supervision  of  Dr.  J.  U. 
Nef  I  have  undertaken  a  further  study  of  this  interesting 
compound,  with  special  reference  to  a  complete  and  final  ex- 
planation of  all  the  reactions  shown  by  it. 

As  is  clearly  evident  from  the  work  of  Nef,^  the  alkylating 
properties  of  primary  and  secondary  esters  of  sulphuric  acid 
are  due  to  the  fact  that  the  organic  radicals  in  these  com- 
pounds undergo  a  methylene  dissociation.  Ethyl  sulphuric 
acid,  for  example,  is  partially  dissociated  at  ordinary  temper- 
atures into  ethylidene  and  sulphuric  acid, 

cHjCH.oso.oH  ::::  CH3CH  =  +h— oso.oh. 

The  well-known  alkylating  properties  of  the  alkyl  haloids, 
alkyl  nitrates,  sodium  alcoholates,  C^H^^+jX,  C„Hj„+,ONOj, 
CHj^+iONa,  are  similarly  due  to  the  presence  of  dissociated 
methylene  residues,  C„H2«=.  and  the  speed  of  the  alkylation 
in  the  different  cases  must  therefore  be  directly  proportional 
to  the  percentage  of  such  residues  present  at  the  reaction  tem- 
perature— a  fact  which  has  been  qualitativelyverifiedby  Nef's 
work,  and  which  has  also,  in  part,  been  demonstrated  quanti- 
tatively by  various  observers.* 

Since  the  work  of  Bushong  obviously  shows  that  ethyl 
chlorsulphonate  is  an  alkylating  agent,  a  dissociation  of  this 
substance  into  ethylidene  and  chlorsulphonic  acid, 

'  J.  Chern.  Soc.  (London),  lo,  97. 

2  This  Journal,  30,  212. 

3  Ann.  Chem.  (Liebig),  309,  126-189  ;    318,  1-57. 

■•Conrad  :  Ztschr.  phys.  Chem.,  3,  450;  4,  631.  Menschutkin  :  /bid.,  St  589  I  6,41. 
Burke  and  Dounan  :  J.  Chem.  Soc.  (London),  85,  555. 


Reactions  of  Ethyl  Chlotsulphonate.  447 

CHjCH^OSO.CI     ::::     CHjCH^:  +  H— OSO.Cl, 

must  exist  and  be  capable  of  experimental  demonstration. 
Whereas  ethyl  chloride  does  not  dissociate  completely  into 
ethylene  and  hydrochloric  acid  until  550°,  the  dissociation- 
point  of  ethyl  chlorsulphonate  was  found  to  be  very  low — 
namely,  at  160°,  Consequently  the  latter  substance  is,  like 
diethyl  sulphate,  a  far  more  energetic  alkylating  agent  than 
chloride,  bromide,  or  even  iodide  of  ethyl.'  It  reacts,  for  in- 
stance, with  ammonia  in  absolute  ethereal  solution  with  vio- 
lence at  0°,  giving  a  mixture  of  di-,  tri-,  and  tetraalkylated 
ammonium  chlorides.  Under  similar  conditions  a  reaction 
with  ethyl  chloride  and  ammonia  is  hardly  perceptible,  and 
even  with  ethyl  iodide  proceeds  only  very  slowly. 

Incidentally,  it  was  also  demonstrated  by  experiment  that 
chlorsulphonic  acid — the  other  dissociation-product  of  ethyl 
chlorsulphonate — is  partially  dissociated  further  into  sulphur 
trioxide  and  hydrogen  chloride, 

CISO.OH     :::     0,8=0  +  H— CI. 

Since  the  products  of  dissociation  of  chlorsulphonic  acid  inter- 
act spontaneously  on  one  another  at  170°,  or  in  the  presence 
of  catalytic  agents  even  at  70°,  with  formation  of  equal  mole- 
cules of  sulphuryl  chloride  and  sulphuric  acid,' 

2SO3  +  2HCI     —     SO.Cl,  -f  H,SO„ 

it  was  impossible  to  determine  the  exact  dissociating-point  of 
chlorsulphonic  acid,  but  it  is  undoubtedly  low — not  above 
250°.  Consequently,  there  must  be  a  relatively  large  per- 
centage of  dissociated  chlorsulphonic  acid  particles,  SO3  and 
HCl,  present  at  ordinary  temperatures  in  a  preparation  of 
chlorsulphonic  acid.  This  was  demonstrated  in  a  most  strik- 
ing manner  by  treatment  of  this  substance,  in  chloroform  solu- 
tion  at  0°,  with  dimethylaniline,  dimethylaniline   sulphurtri- 

C,H,.  O 

oxide,  //^\    I      '  ^"^  ^^^  hydrochloride  of  dimethyl- 

(CH3),^    ^SO, 

'  Nef  :  Ann.  Chem.  (Liebig),  318,  16,  40-50. 

2  Behrend  :  Ber.  d.  chem.  Ges.,  8,  1004  ;  Wold  and  Riiff :  D.  R.  P.,  Kl.  17,  129,862. 
See  Centrbl.,  1902,  I.,  837. 
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aniline,  J^^\       '  being  quantitatively  formed.* 

(CH,),^     \C1 

Chlorsulphonethyl  ester,  therefore,  in  its  reactions  with  am- 
monia, amines,  alcohols,  phenols,  and  their  salts,  does  not  act 
as  such,  i.  e.,  in  the  molecular  form,  but  by  virtue  of  its  being 
partially  dissociated  into  ethylidene,  CH3CH=:,  sulphur  tri- 
oxide,  SO3,  and  hydrogen  chloride,  HCl. 

There  are  two  series  of  reactions  of  ethyl  chlorsulphonate 
which  must,  however,  be  explained  on  the  basis  of  an  action 
between  the  non-dissociated  molecules,  ClSOjOCjHg,  and  the 
reagents  used  ;  namely,  those  with  sodium  alcoholates  in  abso- 
lute ethereal  solution  and  those  with  sodium  malonic  ester 
and  allied  compounds.  In  the  former  case  Bushong  has  ob- 
served the  formation  of  addition-products,  soluble  in  ether, 
which  are  decomposed  by  heat  or  by  addition  of  water.  The 
addition-product  of  ethyl  chlorsulphonate  and  sodium  iso- 
amylate  described  by  Bushong  was  isolated  by  me  in  large 
quantity  and  found,  contrary  to  his  statement,  to  be  remark- 
ably stable.  It  can  be  boiled  for  hours  under  a  reflux  con- 
denser, in  absolute  ethereal  solution,  without  change  if  rigid 
precautions  are  taken  to  prevent  an  access  of  moisture.  The 
waxy  mass  left  after  distilling  off  the  ether  does  not,  in  fact, 
decompose  until  heated  to  200°  at  30  mm.  pressure.  In  view 
of  all  this,  it  is  highly  improbable  that  the  addition-product 
possesses  the  constitution  given  to  it  by  Bushong, 

O  O 

II    'OC,H,  NaOs    II   /OC,Hj 

0-S/  +Na-OC,H,,  —  >S< 

I       |\C1  C,H„0/       Vl 

This  is  now,  in  fact,  the  only  reaction  of  ethyl  chlorsulpho- 
nate which  requires  further  investigation.  It  is  the  intention 
of  Dr.  Nef  to  study  this  addition-product  with  great  care  with 
the  object  of  determining  its  constitution  rigidly. 

Ethyl  chlorsulphonate,  in  view  of  the  results  with  amines, 
alcohols,  and  phenols,  was  expected  to  react  with  the  sodium 

^  Cf.  "Behavior  of  Formhydroxamic  Acid  towards  Acetone."  Biddle:  Ann.  Chem. 
(I,iebig),  310,  14. 
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salts  of  acetoacetic  ester,  inalonic  ester,  and  allied  com- 
pounds in  a  manner  entirely  analogous  to  ethyl  halides,  ethyl 
nitrate,  and  diethyl  sulphate,^  i.  e.,  to  give  ar-ethylacetoacetic 
ether,  ethylmalonic  ester,  etc.  This  is,  however,  not  the 
case.  The  substance  acts  here  as  a  chlorinating  agent,  giv- 
ing, for  instance,  «-chloracetoacetic  ester  and  chlormalonic 
ester.  Sulphurous  acid  and  alcohol  are  the  other  products 
formed. 

This  surprising  and  entirely  unexpected  result  is  due  to  the 
fact  that  the  chlorine  atom  in  the  molecule  of  ethyl  chlorsul- 
phonate is  unsaturated,  and  it  therefore  first  absorbs  the  re- 
agent, 

(COOR),=  CH— H  4-  =C1— SO,OC,H,    — 

(COOR),CH> 


>C1— SO.OC^Hj. 


The  addition-product  thus  formed  then  dissociates  into 
chlormalonic  ester,  (COOR)jCHCl,  and  sodium  ethyl  sul- 
phite, Na — SOjOCjHj.  The  chlorinated  malonic  ester  sub- 
sequently acts  with  the  excess  of  sodium  malonic  ester  pres- 
ent with  formation  of  sodium  chloride  and  acetylenetetracar- 
boxylic  ester.'' 

On  further  consideration  these  results  are  found  to  be  en- 
tirely analogous  to  those  obtained  by  Nef  with  sodium  ma- 
lonic ester  and  allied  compounds  in  the  case  of  cyanogen  bro- 
mide and  iodide  as  well  as  in  the  case  of  brom-  and  iodphenyl- 
acetylene,  respectively.^ 

These  reactions  must  obviously  all  be  explained  on  a  simi- 
lar basis,    and   the   isolation  by  Nef  of  an  addition-product, 

_  /^ 

iodphenylacetyleneanilide,  CgHjCr^zC — I^  ,    justifies 

\NHC.H5 
the  interpretation  of  the  reaction  as  given  above. 

The  fact  recently  discovered  by  Briihl*  that  benzenesulphone 
chloride  reacts  with  sodium  camphorcarboxylic  esters  as  a 

1  Nef:  Ann.  Chem.  (Liebig),  309,  1S6-188. 

2  Nef:  Ibid.,  398,  259. 

*  Nef  :  Ibid..  298,  260,  foot-note  ;  308,  299-316. 

*  Bar.  d.  chem.  Ges.,  35,  4113. 
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chlorinating  agent,  as  well  as  the  observation  of  Findeisen^ 
that /-tolylsulphone  chloride  gives  with  sodium  acetoacetic 
ester,  a-chloracetoacetic  ester,  and  sodium  /-tolylsulphinate 
is  naturally  to  be  explained  on  an  entirely  analogous  basis. 

EXPERIMENTAL  PART. 

Preparation  of  Ethyl  Chlorsulphonate . — The  ethyl  chlorsul- 
phonate  used  in  my  work  was  prepared  from  sulphuryl  chlo- 
ride according  to  Bushong's  modification  of  Behrend's 
method.  It  was  found  advisable  to  drop  in  the  alcohol  very 
slowly,  to  pass  the  current  of  air  quite  rapidly,  and  to  dry  the 
oil  with  anhydrous  copper  sulphate.  By  attending  to  these 
details  the  yield  was  raised  to  80  per  cent  of  the  theory. 
Bushong  states  that  the  reaction-mixture  separates  into  two 
layers,  the  lower  consisting  of  ethyl  chlorsulphonate.  Al- 
though I  have  repeatedly  prepared  the  substance  in  quanti- 
ties of  200  grams,  I  have  never  been  able  to  observe  such  a 
separation  into  layers. 

Action  of  Chlorsulphonic  Acid  on  Dimethylaniline . 

The  action  of  chlorsulphonic  acid  on  dimethylaniline  has 
such  a  significance  for  the  chemistry  of  ethyl  chlorsulphonate 
in  its  action  with  ammonia  and  amines  that  it  is  presented  at 
this  point. 

Twenty-three  grams  of  dimethylaniline,  diluted  with  80  cc. 
of  chloroform,  were  placed  in  a  quarter-liter  flask  and  cooled 
by  means  of  ice  and  salt .  19.5  grams  of  chlorsulphonic  acid 
(0.5  molecule)  were  then  slowly  added  by  means  of  a  drop- 
ping-funnel,  the  flask  being  constantly  shaken.  A  granular 
precipitate  appeared  after  the  addition  of  the  first  few  drops, 
and  the  interaction  took  place  almost  instantly.  The  precipi- 
tate was  filtered,  and  washed  with  cold  chloroform  until  it 
gave  no  test  for  chlorine  ions.  When  freed  from  adhering 
chloroform  on  a  porous  plate,  over  sulphuric  acid,  in  a  vacuum, 
the  precipitate  consists  of  practically  pure  dimethylaniline- 

sulphurtrioxide,  a>^\    I      •     The  other  reaction-prod- 

(CH,),^     \S0, 

1  J.  prakt.  Chem.,  [2],  65,  529. 
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uct,  phenyldimethylamraonium  chloride,  is  very  soluble  in 
chloroform  and  consequently  is  found,  together  with  small 
quantities  of  dimethylaniline  sulphurtrioxide,  in  the  chloro- 
form filtrate. 

The  formation  of  these  products,  as  discussed  in  the  intro- 
duction, is  self-evident  on  the  basis  of  a  partial  dissociation 
of  the  chlorsulphonic  acid  molecules  into  sulphur  trioxide  and 
hydrogen  chloride.  The  dissociated  portions  are  then  simply 
very  rapidly  absorbed  by  the  excess  of  dimethylaniline  mole- 
cules present. 

Two  other  possible  interpretations  of  the  reaction  have  been 
carefully  considered  :  I.,  the  formation  of  an  addition-prod- 
uct, 

CsHjv  QHjv        /CI 

\n=  +  ci-so,oh   --  \n< 

and  II.,  of  a  salt-like  compound, 

(CHj),^    ^OSO.Cl 

Either  of  these  hypothetical  intermediate  products  must 
then  be  supposed  to  lose  hydrogen  chloride  almost  instantly 
at  — 15°  and  give  the  products  actually  obtained  in  the  reac- 
tion under  discussion.  These  interpretations,  however,  have 
not  such  inherent  probability  as  the  one  adopted  above. 
Williams' '  vapor-density  determinations  of  chlorsulphonic 
acid,  at  temperatures  above  180°,  show  that  the  substance  is 
partially  dissociated  into  sulphur  trioxide  and  hydrogen  chlo- 
ride. The  vapor  density  of  sulphuric  acid  at  400 ''  proves  that 
it  is  dissociated  completely  into  sulphurtrioxide  and  water  at 
that  temperature,  and  at  332°  34  per  cent  of  the  molecules  of 
this  acid  are  thus  dissociated.*  It  is  therefore  self-evident 
that  even  at  — 15°,  or  at  much  lower  temperatures,  some 
molecules  of  chlorsulphonic  acid  are  dissociated,  equilibrium 
being  maintained  in  the  sense  of  the  equation, 

1  J.  Chem.  Soc.  ^London),  [2],  7,  304. 

*  Deville  and  Troost  :  Compt.  rend.,  56,  S91. 


452  Willcox. 

CISO.OH     ::;     SO3  +  HCl ; 

addition  of  dimethylaniline  must  at  once  destroy  this  equilib- 
rium and  cause  the  reaction  from  left  to  right  to  proceed  to 
completion. 

According  to  Evans^  the  action  of  chlorsulphonic  acid  on 
dimethylaniline  results  in  the  formation  of  dimethylaniline-/>- 
sulphonic  acid,  ;!'-(CH3),N— CeH,SO,OH.  This  result  is  un- 
doubtedly due  to  the  fact  that  Evans  took  no  precautions  to 
prevent  a  rise  of  temperature  on  mixing  his  reagents.  Di- 
methylaniline sulphur  trioxide,  which  is  the  primary  reac- 
tion-product, undergoes,  on  being  heated  to  about  60°,  a 
spontaneous  transformation  into  the  isomeric  /-dimethyl- 
aniline-/>-sulphonate  (by  intramolecular  addition,  see  below). 

Ethyl  Chlorsulphonate  and  Dimethylaniline. 

Dimethylamhnesulphurtrtoxide,  y^-^\    I      • — '^^^  ^^" 

tion  of  ethyl  chlorsulphonate  on  dimethylaniline  has  already 
been  studied  by  Wenghoffer,''  who  obtained  dimethylaniline- 
/-sulphonic  acid  and  ethyl  chloride  as  reaction- products, 

C,H,N(CH3),  +  C1S0,0C,H,    -- 

A(CH3),NC«H -SO.OH  +  C,H,C1. 

He  obviously  took  no  precautions  to  control  the  temperature 
on  mixing  his  reagents,  and  consequently  the  intermediate 
formation  of  dimethylanilinesulphurtrioxide  escaped  his 
notice  ;  furthermore,  a  large  amount  (20  per  cent)  of  phenyl- 
dimethylethylammonium  chloride  is  also  formed  in  this  reac- 
tion. 

Fifty  grams  of  dimethylaniline  (2  molecules),  diluted  with 
an  equal  volume  of  chloroform,  were  thoroughly  cooled  by 
means  of  salt  and  ice  ;  30  grams  of  ethyl  chlorsulphonate, 
similarly  diluted,  were  then  slowly  added  by  means  of  a  drop- 
ping-funnel,  care  being  taken  to  shake  vigorously  during  this 
operation.     The  reaction  is  practically  completed  as  soon  as 

1  Chem.  News,  73,  53. 

2  J.  prakt.  Chem.,  [2I,  16,  448. 
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all  the  ethyl  chlorsuiphonate  has  been  added,  and  the  white, 
granular  precipitate  of  dimethylanilinesulphurtrioxide  is  fil- 
tered off,  washed  with  chloroform,  and  dried  on  a  clay  plate. 
A  very  careful  comparison  with  the  precipitate  obtained  by 
treating  dimethylaniline  with  chlorsulphonic  acid,  as  de- 
scribed above,  showed  that  the  products  are  identical.  Di- 
methylanilinesulphurtrioxide is  somewhat  soluble  in  chloro- 
form, hence  the  yield  is  not  quantitative  ;  34.5  grams  of  the 
product  were  obtained,  which  is  83.3  per  cent  of  the  theory. 
When  dimethylanilinesulphurtrioxide  is  heated  to  about  60° 
it  is  transformed  quantitatively  into  dimethylaniline-/>-sul- 
phonic  acid  :  the  equilibrium  between  the  active  and  inactive 
dimethylanilinesulphurtrioxide  particles  (see  below), 

is  finally  disturbed  at  this  temperature  because  of  the  fact 
that  intramolecular  addition,' 

/O— SO,  (CH,),=NH O 

(CH,),=  N<  I         --  11' 

CeH--H 

can  take  place  (not  reversible),  and  thus  dimethylaniline-/- 
sulphonic  acid,  an  ammonium  salt,  is  quantitatively  formed. 
A  sample  of  dimethylaniline-/-sulphonic  acid,  thus  prepared 
from  dimethylanilinesulphurtrioxide  by  heat,  gave  the  follow- 
ing figures  for  sulphur  on  analysis,  by  the  Carius  method  : 
0.3493  gram  substance  gave  0.3953  gram  BaSO^. 

Calculated  for 
(CH3)2NH-C6H4 

I  I      .  Found, 

O SO2 

S  15-92  15-65 

The  sodium  salt  of  this  acid  was  also  prepared  and  com- 
pared with  the  corresponding  salt,  made  according  to  the  di- 
rections in  the  literature. 

The  chloroform  filtrate  from   the  34.5  grams  dimethylani- 

1  Nef  :  Ann.  Chem.  (Liebig),  318,  33-35  ;  cf.  Ibid.,  298,  223-225. 
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linesulphurtrioxide  was  now  worked  up.  Careful  fractiona- 
tion gave  9.9  grams  of  ethyl  chloride  (b.  p.  12°),  or  80  per 
cent  of  the  theory.  Further  distillation,  finally  at  reduced 
pressure,  gave  19.7  grams  unchanged  dimethylaniline.  The 
pasty  residue  now  remaining  in  the  distilling-flask  consisted 
of  ethyldimethylphenylammonium  chloride  and  the  dimethyl- 
aniline  salt  of  dimethylaniline-/>-sulphonic  acid,  which  natur- 
ally must  be  formed  by  the  action  of  heat  on  the  dimethyl- 
anilinesulphurtrioxide  which  was  dissolved  in  the  chloro- 
form. 

The  tetraalkylated  ammonium  salt  was  obtained  from  this 
mixture  by  adding  strong  aqueous  caustic  soda,  extracting 
the  dimethylaniline  thus  set  free  by  ether,  and  then  neutral- 
izing the  aqueous  solution  with  hydrochloric  acid,  and  evapo- 
rating to  dryness.  The  residue  was  then  extracted  with  alco- 
hol, and  thus  7  grams  of  ethyl  dimethylphenylammonium 
chloride  were  obtained.  The  chlorplatinate,  which  crystal- 
lizes from  80  per  cent  alcohol  in  beautiful  yellow  needles,  was 
prepared  and  analyzed  : 

0.5059  gram  substance  gave  0.1408  gram  Pt. 

0.5980  gram  substance  gave  24  cc.  Nj  at  20°  and  750  mm. 
pressure. 

Calculated  for 

['    ^\n(CH3)o    oPtClg.  Found. 

CoHs/  J 

Pt  27.33  27.83 

N  3-96  4-26 

The  results  obtained  in  this  experiment  are  in  harmony 
with  the  conclusion  that  ethyl  chlorsulphonate  contains  the 
following  dissociated  particles:  I.,  ethylidene,  CHjCH=  ; 
II.,  sulphurtrioxide,  SO3 ;  and  III.,  hydrogen  chloride,  HCl. 
The  sulphur  trioxide  combines  with  the  dimethylaniline  to 
give  dimethylanilinesulphurtrioxide, 

C,H,.  -O  C,H,.         ,0 

(CH3)/  -SO,  (CH,),^     \S0, 

The  hydrogen  chloride  is  in  part,  80  per  cent,  absorbed  by 
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the  ethylidene,  thus  giving  ethyl  chloride,  and  is  also  in  part, 
20  per  cent,  taken  up  by  the  dimethylaniline  present  in  ex- 
cess, thus  forming  phenyldimethyl  ammonium  chloride.  The 
latter  substance  is  then  immediately  converted  by  the  re- 
mainder of  the  available  alkylidene  into  ethyldimethylphenyl- 
ammonium  chloride.^ 

Special  experiments  have  shown,  furthermore,  that  di- 
methylanilinesulphurtrioxide  can  also  be  prepared  by  cautious 
addition  of  sulphur  trioxide  to  a  well  cooled  solution  of  di- 
methylaniline in  chloroform.     The  analogous  compound,  tri- 

ethylaminesulphurtrioxide,    (C,H5)j=N<'    |      ,    has   in    fact 

long  been  known,  having  been  prepared  by  Beilstein  and 
Wiegand'  by  mixing  the  two  components  in  molecular  pro- 
portions. 

An  interpretation  of  the  reaction  between  dimethylaniline 
and  ethyl  chlorsulphonate  on  the  basis  of  an  intermediate 
formation  of  the  addition-product, 

(CH3)/    ^^SO^OC^H,' 

which  must  then  immediately  break  down  at  — 15°  into  ethyl 
chloride  and  dimethylanilinesulphurtrioxide  has  also  been 
carefully  considered  ;  it  is  ^  priori  highly  improbable  in  view 
of  the  properties  of  ethyl  chlorsulphonate  and  chlorsulphonic 
acid.  Furthermore,  it  is  impossible  to  explain  on  this  basis 
the  fact  that  20  per  cent  of  ethyl  dimethylphenylammonium 
chloride  is  formed  in  this  reaction,  since  ethyl  chloride  and 
dimethylaniline  do  not  combine  under  the  conditions  em- 
ployed. Finally,  this  interpretation  of  the  reaction  is  also 
excluded  by  the  data  obtained  in  the  study  of  the  reaction 

1  Nef  :  Ann.  Chem.  (Liebig),  309,  162-163. 
*  Ber.  d.  chem.  Ges.,  16,  1264. 
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between  ethyl  chlorsulphonate  and  ammonia  as  well  as  di- 
ethylamine  (see  below). ^ 

Properties  of  Dimethylanilinesulphurtrioxide. — Dimethyl- 
anilinesulphurtrioxide  shows  the  properties  of  an  unsaturated 
compound  to  a  marked  extent,  absorbing  water,  alcohol, 
phenol,  ammonia,  primary  and  secondary  amines,  olefines, 
and  acetone  with  great  ease.  In  view  of  the  fact  that  the  re- 
sulting addition-products  possess  the  general  formula, 

C5H5V 

>NH— 0S0„ 
(CH3),^  I 

X 

it  must  be  concluded  that  the  original  compound  possesses 
relatively  the  larger  percentage  of  active  A-molecules, 
QH^.        /0-SO, 

(CHJ,^     \ 
as  compared  with  active  B-moIecules, 

(CH3),^     \S0, 
for  instance. 

1  The  reaction  taking  place  between  tertiary  amines  and  acyl  chlorides,  inclu- 
ding chlorcyanogen,  whereby  acylated  dialkylaraines  and  alkyl  chlorides, 

R3N  +  CI— A    »-►     RjN— A  +  RCl, 
are  formed  [cf.  Staedel  :  Ber  d.  chem.  Ges.,  19,  1947  ;  Braun  :  Ibid.,  35,  1279],  hare 
been  interpreted  in  the  literature  from  the  standpoint  of  an  intermediate  formation 

/Cl 
of  the  addition-product,  RsN^ 

^A 

There  is,  however,  in  view  of  my  work  [cf.  Ann.  Chera.  (Liebig),  298,  227,  269  ; 
309,  160-165  ;  318,  182],  another  possible,  and,  as  it  seems  to  me,  far  more  probable 
explanation  of  these  reactions.  A  trisubstituted  ammonia  is  partially  dissociated  at 
ordinary  temperature  into  alkylidene  and  a  secondary  amine. 

An  analogous  dissociation  exists  in  the  case  of  primary  and  secondary  amines,  but 
these  need  not  be  considered  here.  This  explains  why  triethylamine  gives  acetal- 
dehyde  in  the  cold  with  aqueous  permanganate  [Claisen,  Wallach  :  Ber.  d.  chem. 
Ges.,  8,  H39],  and  why  Hof man's  reaction,  as  is  well  known,  is  reversible.  In  the 
reactions  referred  to,  the  acyl  chloride  therefore  probably  acts  first  with  the  disso- 
ciated tertiary  amine  particles,  i.  e.,  with  the  secondary  amine,  to  give  the  acylated 
secondary  amine,  and  the  hydrogen  chloride  thus  formed  is  at  once  taken  up  by  the 
alkylidene  with  formation  of  alkyl  chloride.  It  is  my  intention  to  investigate  these 
reactions  in  the  near  future  with  the  object  of  testing  experimentally  the  correctness 
of  the  views  here  presented.  J.  U.  Nef. 


Reactions  of  Ethyl  Chlorsulphonate .  457 

These  are  naturally  in  equilibrium  with  the  inactive  mole- 
cules, 

(CH,),^     \S0, 

The  addition  of  a  reagent  to  dimethylanilinesulphurtrioxide 
therefore  takes  place  exclusively'  according  to  the  scheme 

CeH,.         /0-SO,  C,H,. 

>N<  I       +  H— X     —  \nH— 0-SO,. 

(CH3),^     \  (CH,),^  I 

X 

The  molecular  rearrangement  of  the  substance  at  60''  to  di- 
methylaniline-/-sulphonic  acid,  mentioned  above,  is  therefore 
also  simply  due  to  an  intramolecular  addition  of  the  active 
A-molecules  of  dimethylanilinesulphurtrioxide. 

Dimethyla7iilinesidp}uirtrioxide  and  Water. — Dimethylani- 
linesulphurtrioxide is  very  quickly  acted  upon  by  hot,  but  not 
so  readily  by  cold,  water ;  once  moistened  with  water  it  is, 
however,  impossible  to  prev^ent  an  action  from  setting  in 
sooner  or  later.  Freshly  prepared  dimethylanilinesulphur- 
trioxide can  be  washed  with  ice-water,  spread  out  on  a  clay 
plate,  and  kept  for  some  hours  without  apparent  change. 
Eventually  a  spot  of  liquefaction  will  appear  in  the  mass. 
Other  spots  then  quickly  appear  and  grow  rapidly  until,  in  a 
few  seconds,  the  whole  mass  is  transformed,  with  marked  rise 
of  temperature,  into  a  liquid  which,  on  cooling,  solidifies 
to  a  mass  of  white  crystals.  The  same  phenomena  are  ob- 
served, after  some  time,  when  water  and  dimethylaniline- 
sulphurtrioxide are  brought  together  in  molecular  propor- 
tions at  ordinary  temperatures.  The  resulting  crystalline 
product,  when  treated  with  aqueous  sodium  hydrate,  gives, 
quantitatively,  sodium  sulphate  and  dimethylaniline.  This 
fact,  as  well  as  the  synthesis  from  equimolecular  quantities  of 
water  and  dimethylanilinesulphurtrioxide,  identifies  the  ad- 
dition-product as  primary  dimethylphenylammonium  sul- 
phate, C6H9(CH3),NHOSO,OH.     The  salt  is  very  soluble  in 

>  Cf.  Nef  :  Ann.  Chera.  (Liebig),  298,  204  :  318,  31 ;  335,  198-199. 


458  Willcox. 

water  and  alcohol,  and  melts  at  84°  to  85°.  Heated  to  200°  it 
is  transformed,  with  loss  of  water,  into  dimethylaniline-/- 
sulphonic  acid. 

0.7214  gram  substance  gave  0.7890  gram  BaSO^. 

Calculated  for 
(CH3)2NH{C6H5)0S020H.  Found. 

S  14-64  15.01 

Dimethylanilinesulphurtrioxide  and  Alcohol. — Equimolecu- 
lar  quantities  of  dimethylanilinesulphurtrioxide  and  absolute 
alcohol  unite,  with  marked  evolution  of  heat,  to  give  dimethyl- 
phenylammonium  ethyl  sulphate, 

CeH,(CH3),NH0S0,0C,H,. 
The  salt  solidifies,  on  cooling,  to  globular  masses  of  radiating 
needles,  melting  at  54°.  It  is  quite  soluble  in  water  and  alco- 
hol, and  decomposes  when  heated  to  200°  with  considerable 
charring.  Treated  with  aqueous  potassium  hydrate,  it  gives 
dimethylaniline  and  potassium  ethyl  sulphate,  thus  establish- 
ing its  constitution. 

Dimethylanilinesulphurtrioxide  and  Acetone.  —  When  di- 
methylanilinesulphurtrioxide is  warmed  gently  with  an  ex- 
cess of  acetone  the  solid  disappears,  and  there  is  a  separation 
into  two  layers.  The  lower  layer,  on  cooling,  solidifies  to  a 
mass  of  large  prismatic  crystals,  melting  at  76°  to  78°.  The 
addition-product  is  soluble  in  water,  but  is  decomposed  both 
by  acids  and  alkalies,  giving  acetone,  sulphuric  acid,  and  di- 
methylaniline. 

1. 1089  grams  substance  gave  i.ooo  gram  BaSO^. 

Calculated  for 
CiiHnOiNS.  Found. 

S  12.35  12.38 

Two  formulas  are  possible  for  this  substance  : 

I.   (CH3),(C\H,)NH-0-S0-0-C^       '; 

\CH3 

and 

II.    (CH3),(C.H,)N<     >C=(CHJ,. 
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An  addition-product  is  also  obtained  by  dissolving  di- 
methylanilinesulphurtrioxide  in  warm  malonic  ester.  On 
cooling,  white  leaflets  are  obtained  which  give,  on  treatment 
with  aqueous  alkali,  malonic  ester,  sulphuric  acid,  and  di- 
methylaniline. 

Dimethylanilinesidphurtrioxide  and  Phenol. — When  these 
two  substances  are  brought  together  in  molecular  proportions 
they  unite,  with  evolution  of  heat,  to  give  dimethylphenylam- 
moniumphenylsulphate,  QH^CCHjj^NHOSO.OQHs.  This 
salt  was  obtained  in  the  crystalline  form.  It  is  very  soluble  in 
water  and  is  decomposed  by  aqueous  potassium  hydroxide, 
quantitatively,  into  dimethylaniline  and  potassium  phenylsul- 
phate.  Consequently  this  is  probably  the  easiest  way  to  pre- 
pare the  latter  substance.  An  analysis  of  the  potassium 
phenjdsulphate  obtained  gave  the  following  result  : 

0.4067  gram  substance  gave  0.1609  gram  K^SO^. 

Calculated  for 

CoHsOSOaOK.  Found. 

K  18.39  17.73 

The  salt  obtained  was  also  compared  very  carefully  with  a 
preparation  made  according  to  the  method  of  Baumann.' 

Ditnethylanilinesulphurtrioxide  and  Aniline. — These  two 
substances  unite  very  energetically  when  brought  together  in 
molecular  proportions.  A  wax-like  salt  is  formed  which  is 
decomposed  by  baryta  water  into  dimethylaniline  and  barium 
phenylsulphamate,  thus  establishing  the  constitution  as 

CeH,(CH3),NH0S0,— NH.CgHj. 
The  sulphamate  was  identified  by  its  reactions,  and  by  com- 
parison with  the  corresponding  product  obtained  from  aniline 
and  ethyl  chlorsulphonate  (see  below). 

Dimethylanilinesulphurtrioxide     and    Trimethylethylene. 

yS-Isoamylene  and  dimethylanilinesulphurtrioxide  unite  with 
slight  evolution  of  heat  to  form  an  indistinctly  crystallized  sub- 

/CCCH,), 

/        I 

stance,  obviously  CgHjCCHJ.N^        CHCH, .— It    isdecom- 

\        I 
O— SO, 

1  Ber.  d.  chem.  Ges.,  ii,  1907. 
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posed  by  water  into  dimethylaniline,  sulphuric  acid,  and 
amylene. 

The  results  here  presented^  suffice  to  show  very  clearly  that 
dimethylanilinesulphurtrioxide  is  an  excellent  carrier  of  sul- 
phur trioxide.  They  indicate  an  excellent  means  of  prepar- 
ing the  monoalkylated  sulphuric  and  sulphamic  acids. 

Ethyl  Chlorsulphonate  and  Diethylamine . — Thirty-nine  grams 
of  diethylamine,  diluted  with  200  cc.  absolute  ether,  were 
placed  in  a  flask  surrounded  by  ice  and  salt ;  38  grams  of 
ethyl  chlorsulphonate  (0.5  molecule),  diluted  with  twice  its 
volume  of  absolute  ether,  were  added  through  a  dropping- 
funnel.  A  white  precipitate  appeared  at  once  and  the  odor 
of  sulphonate  was  soon  gone.  Water  was  added  until  the 
precipitated  salts  had  dissolved.  The  ether  was  separated 
from  the  aqueous  layer,  dehydrated  with  calcium  chloride, 
and  then  distilled  off  on  a  water-bath.  A  small  amount,  4 
grams,  of  oily  liquid  remained,  and  this,  on  heating  under  re- 
duced pressure  to  remove  the  last  traces  of  ether,  soon  solidi- 
fied. On  crystallization  from  benzene  colorless,  orthorhombic 
prisms,  melting  at  89°,  were  obtained,  which  dissolve  in  water 
with  a  strongly  acid  reaction.  The  analysis  and  properties* 
prove  that  it  is  free  diethylaminsulphonic  acid, 

(C,H,),N-SO,OH. 

0.3463  gram  substance  gave  29.8  cc.  N.^  at  20°  and  754  mm. 
pressure. 

1  The  interaction  between  sulphuric  acid  and  alcohols,  as  well  as  ammonia  and 
primary  and  secondary  amines,  which  results,  as  has  long  been  known,  in  the  forma- 
tion of  primary  alkyl  sulphates  and  derivatives  of  aminosulphonic  acid,  respec- 
tively, C^Hj^-^i-OSOjOH  and  NH2SO2OH,  must,  in  the  light  of  the  data  here  pre- 
sented, be  interpreted  as  follows  :  The  alcohol,  H— OR,  or  the  amine,  H— NRo,  is 
absorbed  by  the  active  sulphur  trioxide  molecules,  O— SO2.  present  at  ordinary 

temperatures  in  sulphuric  acid, 

H,SO,    ::     S03+H,,0. 

This  explains  why  ether,  which  contains  only  a  very  small  percentage  of  ethylidene 
particles  at  ordinary  temperatures,  but  nevertheless  decidedly  more  than  ethyl 
alcohol,  reacts  only  very  slowly  with  concentrated  sulphuric  acid,  in  the  cold,  to  give 
mouoethylsulphuric  acid.  Ethyl  alcohol,  on  the  other  hand,  reacts  at  once,  and  with 
marked  evolution  of  heat,  with  H3SO4,  at  ordinary  temperatures,  to  form  primary 
ethyl  sulphate  because  it  can  add  itself  to  the  sulphur  trioxide  molecules  present  in 
the  solution,  whereas  this  is  impossible  in  the  case  of  ether.  J.  U.  Nef. 

2  Behrend  :  Ann.  Chem.  (I,iebig),  323,  116. 
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0.4744  gram  substance  gave  0.7148  gram  BaSO^  (Carius). 


s 

Calculated  for 
(C2H6)2NS020H. 

20.21 

Found. 
20.68 

N 

9.20 

9.76 

The  aqueous  solution,  containing  the  main  reaction-prod- 
ucts, was  now  treated  in  a  flask  with  an  excess,  70  grams,  of 
barium  hydroxide,  and  finally  heated  in  an  oil-bath  until  the 
water,  etc.,  had  practically  all  distilled  over.  The  distillate 
gave,  on  addition  of  solid  caustic  potash,  and  subsequent  frac- 
tionation, 20  grams  of  basic  oil  boiling  from  60°  to  90°,  and  was, 
therefore,  obviously  a  mixture  of  di-  and  triethylated  ammo- 
nia. This  oil,  after  thorough  drying  over  solid  potassium  hy- 
droxide, was  diluted  with  an  equal  volume  of  absolute  alco- 
hol. Fifty  grams  of  diethyl  oxalate  were  added,  and  the  mix- 
ture was  then  heated  in  a  sealed  tube,  for  four  days,  in  a 
Kekule  water-bath.^  The  tube  contents,  on  distillation,  now 
gave  ID  grams  of  triethylamine  boiling  at  90°.  The  chlor- 
platinate  was  prepared  and  analyzed  : 

0.2373  gram  substance  gave  0.0759  gram  Pt. 

Calculated  for 
[(C2H6)3NH]oPlCl6.  Found. 

Pt  31.89  31.87 

The  salt  residue  left  in  the  flask  after  treatment  with  barium 
hydroxide  and  removal  of  volatile  bases  and  water,  was  now 
powdered  and  treated  with  water  and  carbon  dioxide,  to  get 
rid  of  the  excess  of  barium  hydroxide.  The  solution  was 
then  filtered,  and  evaporated  to  dryness  on  a  water-bath.  The 
residue,  after  further  drying  over  sulphuric  acid  in  a  vacuum, 
was  placed  in  a  Soxhlet  apparatus  and  extracted  thoroughly 
with  chloroform.  The  chloroform  solution  was  found  to  con- 
tain 5  grams  of  an  extremely  deliquescent  salt  which  answered 
in  all  respects  to  the  properties  of  tetraethylammonium  chlo- 
ride.    The  chlorplatinate  gave  the  following  analytical  data  : 

0.1498  gram  substance  gave  0.0443  gram  Pt. 

Calculated  for 
[(C2HB)4N]oPtCl6.  Found. 

Pt  29.23  29.55 

1  Method  of  Duvillier  and  Buisine  :  Ann.  chim.  phys.,  [5],  23,  289. 
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The  residue  left  in  the  Soxhlet  apparatus,  undissolved  by- 
chloroform,  was  now  digested  for  one  hour  with  alcohol, 
whereupon  only  barium  chloride  remained  undissolved.  The 
alcoholic  extract  contained  30  grams  of  barium  diethylsulph- 
amate  with  some  barium  chloride.  The  latter  was  re- 
moved by  dissolving  the  mixture  in  water,  digesting  with  sil- 
ver oxide,  and  subsequently  treating  with  carbon  dioxide, 
filtering,  and  evaporating  to  dryness.  The  barium  salt  is 
finally  obtained  in  white  needles. 

0.881 1  gram  substance  gave  0.4258  gram  BaSO^. 

0.5644  gram  substance  gave  0.9572  gram  BaSO^  (Carius). 

0.9923  gram  substance  gave  21.1  cc.  N,  at22°  and  756  mm. 
pressure. 


Calculated  for 
[(CsH5)2NS020]2Ba  .2H2O. 

Pound. 

Ba 

28.78 

28.44 

S 

N 

13-40 

5-86 

13-55 
6.06 

The  products  formed  in  the  action  of  ethyl  chlorsulphonate 
on  diethylamine  are,  therefore,  diethylaminosulphonic  acid 
and  tri-  and  tetraethylated  ammonium  chlorides — i.  <?.,  the 
diethylamine  is  both  alkylated  and  sulphonated.  In  view  of 
the  facts  presented  in  this  paper  this  reaction  must  be  inter- 
preted as  follows  : 

I.  ciso^oc.H,   ::: 

CIH  +  0-SO,  +  CHjCHrrr  +  2(C,H,),NH     — 
1       I 

CH3CH,N(C,H,),.HC1  +  HO-SO -N(C,H,), ; 
II.   (C,H,)3N<       -^  =CH-CH3     ^     (C,H,),NC1. 

\ci 

Diethylsulphamic  Acid  Ethyl  Ester,  {C;^^)^^^0.,OQ^^.~ 
It  was  first  of  all  important  to  prove  rigidly,  by  experiment, 
that  diethylaminosulphone  ethyl  ester  is  not  the  intermediate 
product  formed  in  the  reaction  between  diethylamine  and 
ethyl  chlorsulphonate.  This  substance  might  be  formed  by 
the  metathetical  reaction, 
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(C,H,),NH  +  ClSO,OC,H,  ->    (C,H,),NSO,OC,H,  +  HCl. 

or  through  an  intermediate  formation  of  an  addition-product, 
according  to  the  equation, 

/CI 
(C,H,),NH=  +  C1-S0,0C,H,  -^   (C,H,),NH< 

\SO,OC,H, 

by  subsequent  loss  of  hydrogen  chloride. 

In  view  of  the  experiments  of  Nef  with  the  alkylated  sul- 
phates, there  was  a  strong  possibility  that  diethylaminosul- 
phone  ethyl  ester,  (C^HJ^NSO^OH  +  ^CHCH,,  provided  it 
possesses  a  low  point  of  dissociation,  might  in  reality  be  the 
active  alkylating  agent  in  the  reaction  under  consideration. 

The  same  remarks  hold  good  in  the  case  of  the  interaction 
between  ethyl  chlorsulphonate  and  ammonia  or  aniline,  /.  e., 
there  is  a  possibility  that  aminosulphone  ethyl  ester  or  phenyl- 
aminosulphone  ethyl  ester,  respectively, 

NH,— SO^OC.Hj         or         C.H.NHSO.OC.Hj. 

may  really  be  the  active  alkylating  agents  in  these  instances. 
This  possibility  was,  however,  rigidly  excluded  in  the  case 
of  diethylamine  by  actually  synthesizing  diethylsulphamic 
ethyl  ester.  It  is  not  an  alkylating  agent  at  ordinary  tem- 
peratures (see  below),  nor  does  it  give  ethyl  chloride  by  treat- 
ment in  the  cold  with  an  excess  of  dry  hydrogen  chloride. 
Since  it  is,  moreover,  highly  probable  that  by  the  latter 
treatment  some  molecules  of 

(C,H,),=  N-SO,OC,H, 
H      CI 

must  be  formed,  one  must  conclude  that  a  substance  of  this 
character  does  not  dissociate  spontaneously  into  ethyl  chlo- 
ride and  diethylsulphamic  acid — an  assumption  which  would 
have  to  be  made  in  case  the  reactions  of  ethyl  chlorsulphonate 
with  di-  and  trialkylated  amines  were  interpreted  from  the 
standpoint  of  an  intermediate  formation  of  the  addition-prod- 
ucts, 
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/CI  (CH3),^       .CI 

(C,H,),NH<;  and  ^N< 

\SO,OC,H,  C«H/      \SO,OC,H, 

respectively.  Finally,  such  an  interpretation  of  these  reac- 
tions is  absolutely  excluded  in  both  cases  because  mixtures 
of  a  di-  or  a  trialkylated  amine  and  ethyl  chloride  do  not  in- 
teract perceptibly  on  one  another  at  0°.'  The  reactions  of 
ethyl  chlorsulphonate  with  ammonia,  primary,  secondary,  and 
tertiary  amines  must,  therefore,  take  place  in  the  manner  sug- 
gested above. 

Diethylaminosulphone  chloride,  made  according  to  the  di- 
rections of  Behrend,*  was  dissolved  in  absolute  alcohol  and 
treated  with  the  theoretical  amount  of  .sodium  ethylate  \ 
sodium  chloride  was  deposited  slowly.  After  two  hours' 
standing  the  mixture  was  poured  into  water,  and  the  oil 
which  separated  out  was  taken  up  in  ether  and  dried  with 
calcium  chloride.  The  oil  remaining,  after  distilling  off  the 
ether,  had  a  yellow  color  and  a  disagreeable  odor.  On  frac- 
tionating twice  at  reduced  pressure  diethylaminosulphone 
ethyl  ester  is  obtained  as  a  colorless,  pleasant  smelling  oil 
boiling  at  119°  at  15  mm.,  and  at  126°  at  22  mm.  pressure. 
Heated  under  atmospheric  pressure,  it  decomposes  with  much 
charring. 

0.3718  gram  substance  gave  0.4893  gram  BaSO^  (Carius). 

0.3041  gram  substance  gave  19.8  cc.  N.^  at  18°  and  747  mm. 
pressure. 

Calculated  for 
CeHijOgNS.  Found. 

S  17-67  18.00 

N  7-73  7-40 

Diethylsulphamic  ethyl  ester  and  diethylamine  do  not  in- 
teract at  ordinary  temperatures  when  mixed  in  absolute  ether 
solution.  Dry  ammonia  is  also  without  action  under  the  same 
conditions.  Consequently  the  substance  does  not  act  as  an 
alkylating  agent  at  20°  with  ammonia  or  diethylamine  ;  it 
cannot,  therefore,  be  an  intermediate  product  in   the  interac- 

1  Cf.  Menschutkin  :  Ztschr.  phys.  Chem.,  5,  589. 

2  Ann.  Chem.  (Liebig),  222,  116. 
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tion  between  diethylamine  and  ethyl  chlorsulphonate.  The 
ester  is,  furthermore,  recovered  entirely  unchanged  when  an 
ethereal  solution  has  been  saturated  with  dry  hydrogen  chlo- 
ride. It  was  also  not  appreciably  afiected  after  twenty-four 
hours'  standing  with  concentrated  aqueous  hydrochloric  acid, 
in  which  it  is  insoluble.  This  indicates,  therefore,  that  the 
substance  is  an  exceedingly  weak  base  or  is  entirely  devoid 
of  basic  properties. 

Ethyl  Chlorsulphonate  and  Ammonia. — The  action  of  ethyl 
chlorsulphonate  on  ammonia  has  been  studied  by  Baum- 
starck^  and  by  Purgold,'  but  no  decisive  results  were  obtained. 
These  reagents  act  with  great  violence  on  one  another.  The 
reaction  must  therefore  be  carried  out  in  ether  or  benzene 
solution.  The  ethyl  chlorsulphonate,  diluted  with  ten  times 
its  volume  of  dry  solvent,  was  cooled  by  means  of  ice  and  salt, 
and  dry  ammonia  led  in  until  the  odor  of  the  ester  had  disap- 
peared. The  main  reaction-products  are  found  in  the  deli- 
quescent precipitate,  which  is  filtered  off  and  kept  in  a  desic- 
cator. The  filtrate  contained  a  small  amount  of  material,  the 
character  of  which  varied  with  each  experiment.  In  one 
case,  using  ether  as  a  solvent,  2  cc.  of  triethylamine,  boiling 
from  88*  to  90°,  were  obtained.  In  another  experiment,  using 
the  same  solvent,  2  grams  of  a  neutral,  sweet-smelling  oil  con- 
taining nitrogen  and  sulphur  were  obtained.  This  gave,  by 
hydrolysis  with  barium  oxide,  a  barium  salt  soluble  in  water 
but  insoluble  in  alcohol.  Since  the  salt  differed  from  barium 
diethylsulphamate,  which  is  soluble  in  alcohol,  and  also  was 
not  identical  with  barium  sulphamate,  it  was  probably  barium 
ethylsulphamate,  and  therefore  the  original  oil  must  have 
been  ethylaminosulphone  ethyl  ester.  In  a  third  experiment 
with  ammonia  and  ethyl  chlosulphonate,  using  benzene  as  a 
solvent,  3  grams  of  diethylaminosulphone  ethyl  ester,  boiling 
at  117°  to  119°  at  15  mm.  pressure,  were  obtained,  identical 
in  properties  with  the  synthetic  product  described  above.  A 
nitrogen  determination  gave  the  following  result : 

'  Ztschr.  fiir  Chemie,  1867,  p.  567. 
*  Ber.  d.  chem.  Ges.,  6,  502. 
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0.2310  gram  substance  gave  14.9  cc.  N.^  at  18°  and  751  mm. 
pressure. 

Calculated  for 
CgHjsOgNS.  Found. 

N  7.74  7.42 

As  mentioned  above,  the  main  reaction-products  (95  per 
cent)  are  insoluble  in  benzene  or  ether.  One  hundred  grams 
of  the  dry  precipitate  were  first  extracted  in  a  Soxhlet 
tube  with  chloroform  ;  18  grams  of  brown,  syrupy  salts  were 
obtained,  consisting  of  a  mixture  of  di-,  tri-,  and  tetraethyla- 
ted  ammonium  chlorides.  These  were  separated  by  digesting 
with  an  excess  of  aqueous  barium  hydroxide  and  subsequent 
distillation.  The  aqueous  distillate  gave,  with  caustic  pot- 
ash, etc.,  6  grams  of  basic  oil,  boiling  from  60°  to  90°.  It 
contained  about  equal  parts  of  diethyl-  and  triethylamine,  as 
determined  by  treatment  with  ethyl  oxalate  (see  above).  No 
ethylamine  was  found  as  a  reaction-product.  The  residue 
left  in  the  flask  after  water  and  volatile  bases  had  been  ex- 
pelled gave,  on  extraction  with  chloroform,  7  grams  of  tetra- 
ethylammonium  chloride.  The  chlorplatinate  gave  the  fol- 
lowing result  on  analysis  : 

0.2136  gram  substance  gave  0.0624  gram  Pt. 

Calculated  for 
[(C2H5)4N]2PtCl6.  Found. 

Pt  29.33  29.21 

The  original  precipitate  left  in  the  Soxhlet  apparatus,  un- 
dissolved by  chloroform,  contains  nothing  which  is  soluble  in 
alcohol.  It  dissolves  in  water  with  strongly  acid  reaction 
and  gives  a  copious  test  for  sulphate.  The  amount  of  sulphur 
removable  from  the  precipitate  as  barium  sulphate  was  deter- 
mined quantitatively  to  be  11  per  cent,  whereas  the  total  sul- 
phur content  by  the  Carius  method  was  found  to  be  22  per 
cent.  It  is  highly  probable,  from  what  follows,  that  the  pre- 
cipitate consists  chiefly  of  ammonium  chloride  and  ammo- 
nium imidosulphonate,  NH[SOjONHj2.  The  latter,  on 
treatment  with  water,  is  split  into  equal  molecules  of  sul- 
phuric and  aminosulphonic  acids.  The  precipitate  was  first 
digested  with  an  excess  of  aqueous   barium  hydroxide  to  ex- 
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pel  the  ammonia  ;  carbon  dioxide  was  then  passed  into  the 
solution  to  get  rid  of  excess  of  barium  hydroxide.  The  fil- 
trate now  contained  onh'  barium  chloride  and  barium 
sulphamate.  The  amount  of  chlorine  in  the  solution 
was  determined  by  titration,  whereupon  the  calculated 
amount  of  silver  sulphate  was  added  in  order  to  remove 
barium  chloride.  The  filtrate,  after  treatment  with  carbon 
dioxide  and  hydrogen  sulphide,  was  evaporated  to  dryness. 
The  residue  gave,  on  crystallization  from  dilute  alcohol,  33 
grams  of  pure  barium  sulphamate. 

0.4784  gram  substance  gave  0.3121  gram  BaSO^. 

Calculated  for 

Ba(S03NH,}2.  Found. 

Ba  38.28  38.15 

Treated  with  nitrous  acid,  in  aqueous  solution,  the  salt  gives 
nitrogen  and  barium  sulphate.  Heated  on  a  platinum  foil,  it 
gives  white  fumes,  leaving  a  residue  of  barium  sulphate. 

The  mechanism  of  the  reaction  between  ammonia  and  ethyl 
chlorsulphonate  is  obviousl^^  analogous  to  the  one  taking 
place  between  this  reagent  and  diethylamine.  The  ammonia 
is  absorbed  by  the  ethylidene,  giving  substituted  ammonias, 
and  these  promptly  take  up  hydrogen  chloride  to  form  salts 
which  may  also  subsequently  be  further  alkylated.  Two  mole- 
cules of  sulphur  trioxide  must  react  with  i  molecule  of  am- 
monia to  give  imidosulphonic  acid, 

H— NH— H  -f-  2O— SO,     — 

I        I 

HOSO,    +   O— SO,    -^ 

I  I       I 

NH— H 

HOSO,— NH— SOjOH, 

which  is  then  mainly  converted  into  the  ammonium  salt. 

Raschig^  has  shown  that  imidosulphonic  acid  is  readily 
split  by  water  into  equal  molecules  of  sulphuric  and  sulphamic 
acid,  and  this  explains  why  imidosulphonic  acid  was  not  ob- 
tained, as  such,  in  the  experiments  above  described. 

The    fact   that   mono-    and    diethylated    sulphamic    ethyl 

1  Ann.  Chem.  (Liebig),  a^l,  178  ;  cf.  also  Berglund  :  Ber.  d.  chem.  Ges.,  9,  1896. 
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esters,  C,H,NHSO,OC,H,  and  (C,H5),NSO,OC,H5,  are  occa- 
sionally formed  in  small  quantities  as  reaction-products  indi- 
cates the  energetic  alkylating  properties  of  ethyl  chlorsul- 
phonate  under  the  given  conditions. 

Ethyl  Chlorsulphonate  and  Aniline. — The  action  of  aniline 
on  ethyl  chlorsulphonate  has  been  studied  by  Wenghoffer' 
and  by  Bushong.*  The  former  obtained  only  sulphanilic 
acid  and  ethyl  chloride  as  reaction-products.  Shortly  after 
the  publication  of  Wenghoffer's  paper,  a  preliminary  notice 
by  Wagner^  appeared  in  which  he  stated  that  the  formation 
of  phenylsulphamic  acid  had  been  overlooked  by  Wenghoffer. 
Bushong  observed  the  formation  of  ethylaniline  in  this  reac- 
tion, and,  citing  the  work  of  Wagner  and  Bamberger,*  sur- 
mized that  phenylsulphamic  acid  must  also  have  been  formed, 
but  he  apparently  made  no  attempt  to  isolate  the  product. 

In  investigating  this  reaction  I  have  found  that  when  ethyl 
chlorsulphonate  is  added  to  aniline,  without  any  attempt  to 
control  the  decided  evolution  of  heat,  much  ethyl  chloride,  as 
well  as  sulphanilic  acid  is  formed  ;  if,  however,  the  aniline  is 
cooled  by  means  of  ice  and  salt  not  a  trace  of  these  products 
is  obtained. 

Eighty  grams  of  aniline,  diluted  with  absolute  ether  and 
well  cooled,  were  treated  with  62  grams  of  ethyl  chlorsul- 
phonate (0.5  molecule),  also  diluted  with  pure  ether.  The 
reaction-products  were  found  exclusively  in  the  precipitate 
which  was  filtered  off  and  dissolved  in  water.  The  aqueous 
solution,  as  in  the  corresponding  case  with  ammonia,  was 
found  to  give  a  strongly  acid  reaction  and  to  contain  much 
sulphate.  This  latter  is,  undoubtedly,  due  to  the  hydrolysis 
of  phenylimidodisulphonic  acid,  which  must  be  split  by  water 
into  equal  molecules  of  sulphuric  and  phenylsulphamic  acids. 

The  aqueous  solution  was  therefore  first  digested  with  an 
excess  of  barium  hydroxide,  and  the  volatile  bases  carried 
over  with  steam  and  extracted  by  ether.  Forty-seven  grams 
of  oil,  boiling  from  180°  to  204°,  were  thus  obtained.     It  con- 

1  J.  prakt.  Chem.,  [a],  31,  1803. 
"  This  Journal,  30,  223. 

*  Ber.  d.  chem.  Ges.,  19,  1157. 

*  Ibid.,  30,  2275. 
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sisted  chieflN'  of  a  mixture  of  about  equal  parts  of  aniline  and 
monoethylaniline.  The  oil  gave,  on  treatment  with  nitrous 
acid  in  dilute  aqueous  hydrochloric  acid  solution,  24  grams 
of  eth^'l  phenylnitrosamine. 

The  solution  from  which  the  volatile  bases  had  been  re- 
moved was  now  worked  up  for  barium  phenylsulphamate  in 
the  following  manner  :  It  was  first  filtered  from  much  barium 
sulphate,  treated  with  carbon  dioxide  to  get  rid  of  excess  of 
barium  hydroxide,  and  then  evaporated  on  a  water-bath  to 
incipient  crystallization,  taking  care  to  add  ammonia  occa- 
sionally in  order  to  keep  the  solution  alkaline.^  After  recrys- 
tallizing  twice  from  dilute  ammonia  water,  28  grams  of  pure 
barium  phenylsulphamate  were  obtained,  showing  the  follow- 
ing properties  :  It  is  hydrolyzed  readily  by  boiling  with  di- 
lute hydrochloric  acid  ;  on  treatment  with  nitrous  acid,  barium 
sulphate  and  phenol  are  formed. 

0.9753   gram  substance  gave  1.0086  gram  BaSO^  (Carius). 

Calculated  for 
BaCOSOoNHCeHg)-.  Found. 

S  13.30  13.28 

The  reaction  between  aniline  and  ethyl  chlorsulphate  is 
consequently  to  be  interpreted  as  follows  :  The  ethylidene 
particles  alkylate  the  aniline,  giving  chiefly  ethylaniline''  and 
only  traces  of  higher  alkylated  products,  and  these  unite  at 
once  with  the  hydrogen  chloride  to  form  salts.  The  sulphur 
trioxide  (2  molecules)  reacts  with  aniline  to  form  phenyl- 
imidodisulphonic  acid, 

/H  /SO.OH 

C,H,N<;       +20-80,    -^     C,H,N/ 

and  this,  on  treatment  with  water,  is  split  into  equal  mole- 
cules of  sulphuric  and  phenylsulphamic  acids.  From  these 
data  it  is  clear  that  aniline,  on  treatment  in  the  cold  with 
chlorsulphonic  acid  or  with  sulphur  trioxide,  must  first  give 
phenylimidodisulphonic  acid.     This  is  very  probable   from 

1  Traube  :  Ber.  d.  chem.  Ges.,  23,  1653. 

-  Cf.  Claesson  aud  Lundvall :  Ibid.,  13,  1699. 
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the  following  :  Chlorsulphonic  acid  was  allowed  to  act,  at 
low  temperatures,  on  a  chloroform  solution  containing  3  or 
more  molecules  of  aniline.  The  resulting  precipitate,  on 
treatment  with  aqueous  barium  hydroxide,  gave  large  amounts 
of  barium  sulphate  besides  phenylsulphamic  acid.  Similar 
results  are  obtained  when  carefully  prepared  sulphur  trioxide 
is  added  to  an  excess  of  aniline  in  the  cold. 

Taking  into  consideration  the  fact  that  ethyl  chlorsul- 
phonate,  chlorsulphonic  acid,  and  sulphur  trioxide  all  give, 
on  treatment  with  aniline,  phenylimidodisulphonic  acid,  or  its 
products  of  hydrolysis,  and  that  these  reagents  also  give  with 
dimethylaniline  the  same  product,  namely  dimethylaniline 
sulphurtrioxide,  we  have  in  both  instances  a  virtual  demon- 
stration of  the  presence  of  active  sulphur  trioxide  particles. 

The  Action  of  Ethyl  Chlorsulphonate  on  Alcohol  and  Sodium 

Alcoholates . 

The  action  of  ethyl  chlorsulphonate  on  alcohol  was  one  of 
the  first  reactions  of  this  substance  to  be  investigated.  Some 
controversy  arose  as  to  the  nature  of  the  products  formed,  but 
it  finally  became  evident  that  there  are  varying  proportions  of 
hydrogen  chloride,  ethyl  chloride,  ethyl  ether,  sulphuric  acid, 
and  primary  and  secondary  ethyl  sulphate.  The  formation  of 
all  these  substances  is  now  self-evident  ;  the  dissociation-prod- 
ucts of  ethyl  chlorsulphonate — ethylidene,  hydrogen  chloride, 
and  sulphur  trioxide — must  naturally  act  with  the  alcohol  as 
follows :  The  sulphur  trioxide  adds  the  alcohol,  giving 
primary  ethyl  sulphate,  which  is  then  parti}'  converted  by  the 
ethylidene  into  diethylsulphate.  The  hydrogen  chloride  is 
in  part  absorbed  by  ethylidene,  giving  ethyl  chloride,  and 
some  of  the  ethylidene  naturally  unites  with  the  alcohol  pres- 
ent in  excess  to  give  ether. 

It  must,  however,  be  emphasized  here  that  ethyl  chlorsul- 
phonate and  sodium  alcoholates  give,  in  absolute  ethereal 
solution,  soluble  and  very  stable  addition-products,  which 
were  first  observed  by  Bushong,  and  whose  properties  are  dis- 
cussed in  the  introduction.  They  are,  moreover,  as  shown 
by  Bushong,  decomposed  at  once  by  addition  of  cold  water, 
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giving  varying  quantities  of  alkyl  ethyl  sulphate,  alkyl 
sodium  sulphate,  sodium  sulphate,  alkyl  ethyl  oxide,  and 
alkyl  hydroxide. 

Behavior  of  Ethyl  Chlorsulphonate  on  Heating . 

From  the  properties  of  ethyl  chlorsulphonate  described 
above,  it  follows  that  this  substance  must  possess  a  very  low 
point  of  dissociation.'  This  was  found  to  be  the  case.  When 
small  quantities  of  ethyl  chlorsulphonate  are  quickly  distilled 
at  ordinary  pressure  it  boils  approximately,  but  with  noticea- 
ble decomposition,  at  about  152°.  If,  however,  the  substance 
is  heated  in  a  bath  kept  at  160°,  decomposition  sets  in  rapidly, 
as  shown  by  what  follows  :  Thirt)^  grams  of  ethyl  chlorsul- 
phonate were  placed  in  a  flask  with  a  long  neck,  w'hich  was 
connected  in  series  with  a  Bunsen  wash-bottle  containing 
sodic  hj'droxide,  a  small  tube  containing  bromine  and  water, 
and  an  azotometer.  The  flask  was  now  heated  in  an  oil-bath, 
the  temperature  of  which  was  kept  at  160°.  The  ester  grad- 
ually darkened  and  evolved  gas  until  only  a  tarry  mass  con- 
taining some  free  sulphuric  acid  was  left.  As  soon  as  the  air 
was  expelled  no  bubble  of  gas  passed  beyond  the  bromine 
tube.  The  sodic  hydroxide  solution  had  gained  8.5  grams  in 
weight,  of  which  6.2  grams  increase  was  found  to  be  due  to 
absorbed  hydrogen  chloride  (theory,  7.58  grams)  and  the  re- 
mainder to  sulphur  dioxide.  Seven  and  five-tenths  grams  of 
ethylene  bromide,  or  20  per  cent  of  the  theoretical  amount, 
were  found  in  the  bromine  tube. 

Sulphur  dioxide,  sulphuric  acid,  ethylene  (20  per  cent), 
hydrogen  chloride  (80  per  cent),  and  carbonaceous  matter 
are  therefore  the  products  of  decomposition  of  ethyl  chlorsul- 
phonate under  the  given  conditions. 

These  results  are  self-evident  from  the  standpoint  of  a  dis- 
sociation into  ethylidene,  hydrogen  chloride  and  sulphur  tri- 
oxide,  especially  when  one  considers  the  experiments  of  Nef  on 
the  dissociation  of  alkyl  sulphates,  alkyl  potassium  sulphates, 
and  alkyl  haloids.' 

>  Cf.  Nef  :  Ann.  Chem.  (Liebig),  318,  40-50. 
1  Ibid.,  318,  1-57. 
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The  sulphur  dioxide  results  from  the  abstraction  of  oxygen 
from  sulphur  trioxide, 

oso,    t:    O  +  SO,, 

by  ethylidene,  and  the  resulting  acetaldehyde  is  immediately 
polymerized  and  carbonized  by  more  sulphur  trioxide  with 
formation  of  some  sulphuric  acid.  Twenty  per  cent  of  the 
ethylidene  is  transformed,  by  intramolecular  alkylation,^  into 
ethylene. 

Another  experiment  with  25  grams  of  ethyl  chlorsulphonate 
was  carried  out  in  the  presence  of  20  grams  of  powdered  tin 
and  a  trace  of  iodine.  The  apparatus  was  similar  to  that 
used  in  the  former  experiment,  but  a  condenser  and  re- 
ceiver were  inserted  between  the  caustic  soda  wash-bottle  and 
the  distilling-flask.  On  heating  to  130°,  ethylene,  sulphur 
dioxide,  and  small  amounts  of  hydrogen  chloride  were 
evolved  and  4  cc.  of  tin  tetrachloride  were  collected  in  the  re- 
ceiver. The  stannic  chloride  was  identified  by  its  boiling- 
point  and  its  chemical  reactions. 

This  chlorination  of  the  tin  by  the  ethyl  chlorsulphonate  is 
easily  understood  because  of  the  known  properties  of  chlor- 
sulphonic  acid — which,  as  has  been  shown,  is  a  dissociation- 
product  of  the  ester. 

Chlorsulphonic  acid  breaks  down  when  heated  in  a  sealed 
tube  to  170°  to  180°,  giving  equal  molecules  of  sulphuric  acid 
and  sulphuryl  chloride,^ 

2C1S0,0H     —     SO.Cl,  +  SO,(OH),. 

More  recently  Wohl  and  Ruff^  have  shown  that  the  same  de- 
composition takes  place  at  70°  in  the  presence  of  catalyzers, 
such  as  aluminium  chloride,  iodine  chloride,  etc.  I  have 
found  that  a  chloroform  solution  of  chlorsulphonic  acid,  con- 
taining traces  of  iodine,  will  dissolve  metallic  tin  in  the  cold 
with  brisk  evolution  of  sulphur  dioxide  and  formation  of 
stannic  chloride.*     This  reaction  can  also  be  explained  on  the 

1  Nef  :  Ann.  Chem.  (Liebig),  318,  13. 

'  Behrend :  Ber.  d.  chem.  Ges.,  8,  1004. 

3  Loc.  cit. 

*  Cf .  Heumann  and  Kohlin  :  Ber.  d.  chem.  Ges.,  15,  416. 
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basis  of  a  dissociation  of  chlorsulphonic  acid  into  sulphur  tri- 
oxide  and  hydrogen  chloride  and  subsequent  decomposition 
of  the  hydrogen  chloride  by  the  stannous  chloride  with  forma- 
tion of  stannic  chloride  and  atomic  hydrogen,  which  is  at  once 
absorbed  by  the  sulphur  trioxide  molecules  present  to  give 
sulphur  dioxide  and  water.  It  does  not,  therefore,  neces- 
sarily involve  an  intermediate  transformation  of  chlorsul- 
phonic acid  into  equal  molecules  of  sulphuric  acid  and  sul- 
phuryl  chloride. 

Ethyl  Chlorsulphonate  and  Sodium  Acetoacetic  Ester. 

The  reaction  of  ethyl  chlorsulphonate  with  the  sodium  salt 
of  malonic  ester  and  acetoacetic  ester,  respectively,  has  al- 
ready been  referred  to  in  the  introduction  ;  contrary  to  ex- 
pectation, no  alkylation  takes  place.  The  ethyl  chlorsul- 
phonate acts  as  a  chlorinating  agent  in  both  cases.  Similar 
results  have  been  observed  previously  by  Nef  in  the  case  of 
cyanogen  bromide  and  iodide,  as  well  as  in  the  case  of  brom- 
and  iodphenylacetylene.  Analogous  results  have  also  since 
been  obtained  by  Briihl  with  benzenesulphonechloride  and  by 
Findeisen  with /"-tolylsulphone  chloride.  There  is  no  doubt 
that  carbon  tetrachloride,  bromide,  and  iodide,  as  well  as  all 
nitrogen  halogen  compounds,  win  give  similar  results  on 
treatment  with  sodium  malonic  ester  and  allied  compounds. 
The  theorj^  of  the  reaction  has  been  exhaustively  discussed 
by  Nef^  and  is  briefly  presented  in  the  introduction. 

To  58.8  grams  of  sodium  acetoacetic  ester,  suspended  in 
absolute  ether,  and  cooled  in  a  freezing-mixture,  26.7  grams 
of  ethyl  chlorsulphonate  (0.5  molecule)  were  added.  The 
reaction  takes  place  quietly.  After  two  hours'  standing  the 
ether  was  decanted,  and  the  sticky  precipitate  removed,  and 
well  washed  by  kneading  with  ether  in  a  mortar. 

The  ether  was  found  to  contain  33  grams  of  oil,  which  con- 
sisted of  about  equal  parts  of  acetoacetic  ester  and  «-chlor- 
acetoacetic  ester,  besides  small  amounts  of  diacetsuccinic 
ester.  These  were  separated  by  shaking  with  cold  10  per 
cent  sodium  carbonate  solution   by  which  only  the  or-chlor- 

1  Ann.  Chem.  (Liebig),  308,  301-307. 


474  Will  cox. 

acetoacetic  ester  is  dissolved.  It  is  then  recovered  from  the 
alkaline  solution  by  acidifying  with  dilute  sulphuric  acid  and 
extracting  with  ether.  The  sticky  precipitate,  insoluble  in 
ether,  was  dissolved  in  water  and  found  to  contain  some  solu- 
ble sulphate,  besides  a  large  amount  of  sulphite  and  alcohol  ; 
the  residue  therefore  consisted  chiefly  of  sodium  ethyl  sul- 
phite with  some  sodium  sulphate. 

Copper  acetoacetic  ester  and  ethyl  chlorsulphonate  do  not 
react  at  ordinary  temperatures  in  benzene  solution.  On  heat- 
ing the  mixture  under  a  reflux  condenser,  cuprous  chloride  is 
gradually  formed.  The  filtrate,  after  getting  rid  of  benzene, 
gave  a  dark,  sticky,  non-volatile  gum,  from  which  it  was  im- 
possible to  isolate  a  definite  product. 

Ethyl  Chlorsulphonate  and  Sodium  Malonic  Ester. — Fifty- 
seven  grams  of  sodium  malonic  ester,  suspended  in  cold  abso- 
lute ether,  were  treated  with  22.5  grams  of  ethyl  chlorsul- 
phonate (0.5  molecule).  The  reaction  takes  place  rapidly 
but  without  marked  rise  in  temperature.  The  mixture  was 
heated  for  a  short  time  on  a  water-bath  and  the  ether  then 
poured  off  from  the  sticky  precipitate,  which  was  handled  as 
in  the  case  of  sodium  acetoacetic  ester.  The  ether  solution 
gave,  on  fractionation  under  reduced  pressure,  8  grams  of  ma- 
lonic ester  and  20  grams  of  a  snow-white  solid.  The  latter, 
on  crystallization  from  ligroin,  was  identified  as  acetylene- 
tetracarboxylic  ester,  (COOR),CH— CH(COOR),,  melting  at 
75°  and  boiling  at  205°  to  208°  under  42  mm.  pressure.  It  was 
carefully  compared  with  a  known  sample  kindly  loaned  me 
by  Dr.  Nef. 

The  sticky  precipitate,  31.5  grams,  insoluble  in  ether,  was 
found  to  contain  only  traces  of  sulphate.  It  obviously  con- 
tained chiefly  sodium  chloride  and  sodium  ethyl  sulphite.  The 
main  portion  was  treated  with  dilute  sulphuric  acid  when  much 
sulphur  dioxide  was  set  free.  The  solution,  which  contained 
no  perceptible  amount  of  malonic  ester,  was  distilled,  and  the 
first  portions  of  the  distillate  gave,  on  treatment  with  solid 
potassium  carbonate,  2  cc.  of  ethyl  alcohol,  which  was  identi- 
fied by  conversion  into  ethyl  benzoate. 
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The  Reactions  of  Ethyl  Hypochlorite . 

Finally,  it  may  be  of  interest  to  state  in  this  connection 
that  very  careful  experiments  with  large  amounts  of  ethyl 
hypochlorite  and  sodium  ethylate,  using  dry  ligroin  as  a 
diluent,  have  shown  that  reaction  takes  place  almost  instantly 
at  0°,  but  no  trace  of  ethyl  ether'  or  of  diethyl  hyperoxide  is 
formed. 

According  to  the  observations  of  Bushong,  made  while 
in  this  laboratory,  ethyl  hypochlorite  acts  with  sodium  phenol- 
ate  and  sodium  acetoacetic  ester  as  a  chlorinating  agent. 
The  same  is  true,  as  I  have  found,  in  the  case  of  diethyl- 
amine  and  trimethylethylene,  i.  e.,  chlordiethylamine, 
(CjHjjNCl,  and  chlorisoamylene,  besides  ethyl  alcohol,  are 
formed. 

These  observations,  therefore,  show  that  ethyl  hypochlorite 
does  not  act  here  as  an  alkylating  but  as  a  chlorinating  agent ; 
the  latter  property  is  naturally  to  be  explained  on  the  same 
basis  as  the  reactions  of  ethyl  chlorsulphonate  just  presented. 

Ethyl  Chlorsulphonate  and  Sodium  Phenolate.  —  In  view  of 
the  striking  analogy  often  existing  between  the  reactions  of 
sodium  acetoacetic  ester  and  those  of  the  sodium  salts  of 
phenols,  it  seemed  of  especial  interest  to  determine  whether 
ethyl  chlorsulphonate  would  behave  towards  sodium  phenolate 
as  a  chlorinating  or  as  an  alkylating  agent.  The  experiment 
was  carried  out  and  the  reaction  found  to  be  analogous  to 
those  obtained  with  free  alcohols  and  with  sodium  alcoholates, 
i.  e.,  only  alkylation  takes  place. 

The  action  of  ethyl  chlorsulphonate  on  phenol  has  been 
mentioned  by  Purgold,^  who,  however,  obtained  no  definite 
results. 

Fifty  grams  of  dry  sodium  phenolate,  prepared  by  mixing 
alcoholic  solutions  of  carbolic  acid  and  sodium  ethylate,  and 
distilling  off  the  alcohol  in  an  atmosphere  of  hydrogen,  were 
finely  powdered,  suspended  in  absolute  ether,  and  cooled  with 
ice-water.  Thirty-one  grams  of  ethyl  chlorsulphonate  (0.5 
molecule)  were  thereupon  added,  and  the  mixture  shaken  until 

1  Cf.  Nef  :  Anu.  Chem.  (Uebig),  298,  323-324  ;  3'8,  47-48. 
^  Ber.  d.  chem.  Ges.,  6,  502. 
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the  odor  of  the  ester  had  disappeared.  The  salt  residue,  insol- 
uble in  ether,  weighed  31  grams  and  was  found  to  contain  29.1 
per  cent  of  sodium,  20  per  cent  of  chlorine,  and  15.76  per  cent  of 
sulphur  (precipitated  as  barium  sulphate) .  It  gave  a  strongly 
acid  reaction  and  obviously  consisted  only  of  sodium  chloride 
and  primary  sodium  sulphate.  The  ether  solution  gave  46 
grams  of  oil,  which,  by  separating  with  aqueous  sodic  hydrate, 
was  proved  to  consist  of  22  grams  of  phenetol,  CgHjOCjHs, 
and  24  grams  of  carbolic  acid.  The  phenetol  boiled  at  172° 
and,  by  heating  in  a  sealed  tube  with  hydriodic  acid,  was 
decomposed  into  ethyl  iodide  and  phenol. 

In  conclusion,  I  take  great  pleasure  in  gratefully  acknowl- 
edging my  obligations  to  the  inspiring  example  and  advice  of 
Dr.  Nef  in  the  prosecution  of  this  work. 


USE   OF  THE   CHROMATES   OF   BARIUM   AND    OF 

SII.VER  IN  THE  DETERMINATION  OF  SUE- 

PHATES  AND  CHEORIDES. 

By  Ladncelot  W.  Andrews. 

Several  years  ago  a  method  was  described  by  the  author^ 
for  the  volumetric  determination  of  sulphates,  of  which  the 
leading  features  may  be  recalled  in  outline  here.  A  reagent, 
prepared  by  dissolving  barium  chromate  in  dilute  hydrochlo- 
ric acid,  was  added  to  the  sulphate  solution,  the  liquid  was 
then  neutralized,  and,  after  filtration,  the  chromate  in  the  fil- 
trate titrated  iodometrically  in  the  usual  manner.  The 
amount  of  chromate  so  found  was  equivalent  to  the  sulphate 
originally  present. 

This  process  is  both  accurate  and  rapid,  as  shown  by  my 
own  observations  and  those  of  others.^  It  suffers,  however, 
from  a  rather  serious  drawback,  namely,  that  a  solution  of 
barium  chromate  in  hydrochloric  acid  of  the  prescribed  con- 
centration does  not  keep  perfectly,'  a  fact  overlooked  at  the 
time  of  the  publication  of  my  first  paper  referred  to  above, 

1  This  Journal,  ii,  567  (1889). 

2  Marchlewski  :  Kres.  Ztschr.  32,  316  (1893)  ;  Reuter  :  Chem.  Ztg.,  2a,  357  (1898)  ; 
compare  also  .Stolle  :  Ztschr.  angew.  Chem.,  1892,  p.  234. 

8  A.  von  Asboth  :  Chem.  Ztg.,  16,  922  (1892). 


Determination  of  Sulphates  and  Chlorides.  477 

owing  to  the  fact  that  I  had  not  then  had  occasion  to  work 
with  solutions  which  had  been  kept  more  than  ten  days. 
Hydrochloric  acid  is,  nevertheless,  gradually  oxidized  by 
chromic  acid,  even  in  solutions  far  more  dilute  than  the  weak- 
est which  could  be  practically  used  for  dissolving  barium 
chromate,  although  weeks,  months,  or  years  may  be  requisite 
to  make  the  action  very  apparent. 

To  overcome  this  difl&culty,  which  has  doubtless  stood  in 
the  way  of  a  more  general  employment  of  the  method  in  ques- 
tion, it  is  obviously  necessary  to  substitute  for  the  hydro- 
chloric acid  some  other  acid  which  will  not  be  capable  of 
oxidization  by  chromic  acid,  which  will  not  itself  be  either 
an  oxidizing  or  a  reducing  agent  in  its  action  on  hydriodic 
or  chromic  acids,  and  which  will  be  sufficiently  strong  to  dis- 
solve the  requisite  amount  of  barium  chromate.  As  possess- 
ing these  qualifications  two  acids  come  into  consideration  in 
the  first  rank,  i.  e.,  trichloracetic  and  perchloric  acids.  The 
latter  would  probably  be  extremeh^  well  suited  to  the  pur- 
pose, but  it  cannot,  at  present,  be  obtained  by  purchase  in  a 
sufficiently  pure  state,  that  is,  free  from  h^^drochloric  acid  and 
from  all  lower  acids  of  chlorine. 

Trichloracetic  acid  meets  all  requirements  as  to  resisting 
the  action  of  chromic  acid,  and  it  can  be  purchased  in  the 
pure  state  without  trouble.  A  normal  solution  of  this  acid  is 
capable  of  dissolving  the  finely  divided  barium  chromate 
rather  freely  but  not  very  rapidly.  The  solution  may  be 
aided  by  the  application  of  gentle  heat,  but  caution  must  be 
observed  in  this  direction  in  order  to  avoid  too  extensive  hy- 
drolysis. Thus,  a  normal  solution  of  trichloracetic  acid  was 
agitated  with  an  excess  of  barium  chromate  at  about  90°  for  a 
few  minutes,  free  evolution  of  carbon  dioxide  and  chloroform 
occurring.  The  liquid  was  then  cooled  and  allowed  to  stand 
for  three  days  at  the  temperature  of  the  room. 

A  slight  recrystallization  of  the  barium  chromate  had  taken 
place.  The  liquid  now  contained  in  each  cubic  centimeter 
126  milligrams  of  trichloracetic  acid  and  24  milligrams  of 
barium  chromate.  On  further  standing,  an  increased  deposi- 
tion of  the  chromate  was  observed.     For  practical  purposes  it 
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may  be  assumed  that  in  concentrations  between  normal  and 
seminormal,  trichloracetic  acid  is  capable  of  maintaining 
permanently  in  solution  one-sixth  of  its  own  weight  of  barium 
chromate.  Observations  on  this  solution  have  now  continued 
six  months  and  no  change  has  been  noted  that  in  any  way  in- 
fluences the  analytical  results  obtained  with  it.  Of  course, 
the  hydrolysis  of  the  trichloracetic  acid  goes  on,  but  this 
change  is  slow  and  has  absolutely  no  bearing,  since  the  solu- 
tion is  not  employed  as  a  standard  and  is  always  used  in  ex- 
cess. 

This  modification  entirely  does  away  with  the  only  objec- 
tion to  the  method  in  its  original  form.  No  other  change  is 
required  beyond  the  substitution  of  trichloracetic  for  hydro- 
chloric acid,  so  that  for  all  details  reference  may  be  made  to 
the  former  paper  {loc.  cit). 

Since  the  question  of  priority  has  been  raised  concerning 
the  original  method  as  between  myself  and  Quantin,  I  desire 
to  state  what  the  facts  are  that  bear  on  the  history  of  the 
process.  My  method  was  described  in  a  paper  read  before 
the  Iowa  Academy  of  Sciences  in  Des  Moines,  Dec.  27,  1887,^ 
which  was  published  in  this  Journal  in  1889.^  Quantin 
published  in  1889'  a  somewhat  similar  process,  of  which  the 
following  are  the  features  :  Equal  volumes  of  equivalent 
standard  solutions  of  potassium  dichromate  and  of  barium 
chloride  are  mixed  with  sufficient  hydrochloric  acid  to  keep 
the  barium  chromate  from  separating.  This  liquid  is  added 
to  the  sulphate  solution,  then  ammonia  to  alkaline  reaction, 
and,  after  filtration,  the  chromate  in  solution  is  titrated  by 
standardized  ferrous  sulphate,  using  potassium  ferricyanide 
as  indicator  of  the  end  of  the  reaction.  Quantin  had  pre- 
viously published  practically  the  same  method  in  1886.*  It 
will  be  seen  that  Quantin's  method  differs  from  mine  not  only 
in  the  choice  of  titration  by  ferrous  solution,  but  in  the  far 
more  important  particular  that  two  or  three*  titrated  solutions 

»  The  proceedings  of  this  meeting  were  not  published  till  1890. 

2  Loc.  cit. 

3  Bull.  soc.  chim.,  [3],  I,  21  (1889). 

*  Moniteur  scientifique,  1886,  p.  1222  ;  also  reprinted  in  Chem.  News,  54,  233. 

*  Two  in  the  modified,  three  in  the  first  process  (1886). 
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are  demanded  by  his  process,  whereas  only  one  is  used  in 
mine,  because  in  the  latter  the  proper  relation  between  barium 
and  chromic  acid  is  secured  by  starting  with  pure  barium 
chromate  instead  of  placing  dependence  upon  a  preliminary 
analytical  process  to  secure  this  end.  Hence  the  former 
method  always  demands  a  correction,  variable  in  each  case. 
Naturally,  if  I  had  been  aware  of  Quantin's  publications  I 
would  not  have  omitted  to  mention  them,  but  at  the  time  his 
second  paper  had  not  reached  this  country  and  his  first  was 
not  mentioned  in  publications  available  to  me.  As  a  matter 
of  fact,  the  only  points  in  common  to  the  essentially  different 
methods  is  that  both  make  use  of  barium  and  of  chromic  acid 
salts. 

It  appears  as  if  the  principle,  peculiar  to  my  method,  of  using 
a  reprecipitable  salt  is  capable  of  more  extended  applica- 
tion, as  for  instance  to  the  determination  of  chlorides.  Thus, 
if  silver  chromate  is  added  to  a  solution  of  a  chloride,  an 
equivalent  amount  of  chromate  passes  into  solution  in  accord- 
ance with  the  equation 

2MCI  -\-  Ag,CrO,     =     M.CrO,  +  2AgCl, 

and  a  colorimetric  or  volumetric^  titration  of  the  chromate  al- 
lows a  conclusion  as  to  the  amount  of  the  chloride,  bromide, 
etc.,  originally  present.  The  feasibility  of  this  scheme  has 
been  tested  under  my  direction  by  Mr.  H.  V.  Farr,  who  has 
obtained  excellent  results,  A  new  volumetric  method  for  de- 
termining chlorides  is  hardly  a  desideratum,  perhaps,  but  a 
good  colorimetric  method  for  estimating  traces  of  chlorides, 
as  for  example,  in  water  analysis,  cannot  be  regarded  as 
superfluous.  The  experiments  have  demonstrated  that  it  is 
not  necessary  to  bring  the  silver  chromate  into  solution  by 
any  acid.  It  is  sufficient  to  agitate  the  finely  divided  and 
carefull}^  prepared  salt  with  the  highly  dilute  chloride  solu- 
tion, then  to  filter  or  decant,  and  compare  the  depth  of  color 
of  the  clear  liquid  with  that  of  a  suitable  series  of  types  made 
by  dissolving  known  amounts  of  potassium  monochromate  in 
water.     These  type  solutions  keep  indefinitely.     The  process 

1  Compare  De  Konninck  and  Niboul  :  Ztschr.  f.  angew.  Chem.,  1891,  p.  295. 
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is  much  more  rapid  than  any  titration  method,  and  for  the 
most  dilute  solutions  is  at  least  as  accurate.  It  is  expected 
to  follow  this  preliminary  notice  of  the  method  by  a  more  de- 
tailed account. 

Chemical  Laboratory, 

State  Univ.  of  Iowa, 

July  13,  1904. 
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METHODS    FOR   THE    DETECTION    OF    ACETATE, 
CYANIDE,  AND  LITHIUM. 

By  Stanley  R.  Benedict. 

A  method  for  the  detection  of  acetates,  much  more  delicate 
than  those  in  common  use,  or  than  any  of  which  I  have  been 
able  to  find  record,  can  be  based  upon  the  two  well-known 
facts  (i)  that  unlike  most  weak  acids,  acetic  acid  has  a  solu- 
ble silver  salt,  and  (2)  that  the  acidity  or  degree  of  ionization 
of  acetic  acid  is  greatly  reduced  by  the  presence  of  an  ace- 
tate. 

The  solution,  freed  from  all  cations  except  those  of  the 
sodium  group,  is  made  just  alkaline  with  sodium  carbonate. 
An  excess  of  silver  nitrate  solution  is  now  added  and  the  pre- 
cipitate filtered  off,  the  solution  being  thus  left  perfectly  neu- 
tral. The  excess  of  silver  is  removed  with  a  little  normal 
sodium  chloride  solution.  The  filtered  solution  is  now  satu- 
rated with  hydrogen  sulphide. 

In  another  test-tube  2  cc.  normal  cobalt  nitrate  are  acidula- 
ted with  2  or  3  drops  normal  acetic  acid  and  saturated  wnth 
hydrogen  sulphide.  A  small  amount  of  cobalt  sulphide  will 
usually  be  precipitated,  but  may  be  disregarded. 

Upon  mixing  the  two  solutions  thus  prepared  a  heavy  black 
precipitate  of  cobalt  sulphide  will  be  obtained  immediately  if 
the  test  solution  contains  acetate.  This  test  is  capable  of  de- 
tecting acetate  in  a  N/500  solution  of  sodium  acetate.  It  is 
applicable  in  presence  of  all  strong  acids  and  of  all  weak  acids 
having  insoluble  silver  salts. 

The  following  method  for  the  detection  of  cyanides  in  pres- 
ence of  sulphocyanates  and  ferrocyanides  is  reliable  and  ex- 
tremely delicate.     It  has  the  advantage  orer  the  best  methods 
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hitherto  proposed  of  avoiding  the  somewhat  cumbersome  ex- 
pedient of  distillation.  It  is  based  upon  the  action  of  cyanides 
upon  the  freshly  precipitated  oxides  of  mercury.  As  the 
method  was  first  worked  out,  a  solution  of  a  mercuric  salt 
was  made  alkaline  with  sodium  hydroxide  and  the  solution  to 
be  tested  was  added.  It  was  found  that  in  presence  of  cyanide 
the  yellow  precipitate  of  mercuric  oxide  dissolved  (presuma- 
bly with  formation  of  a  complex  cyanide).  Neither  sulpho- 
nor  ferrocyanides  show  this  solvent  action  upon  mercuric 
oxide. 

The  solvent  action  of  cyanides  is  so  marked  that  a  portion 
of  the  precipitate  formed,  upon  treating  t  cc.  of  N/25  niercuric 
chloride  solution  with  sodium  hydroxide,  can  be  seen  to  dis- 
solve when  treated  with  a  few  cubic  centimeters  of  a  N/2000 
solution  of  potassium  cyanide.  Of  course,  the  full  delicacy  of 
the  test  could  best  be  secured  by  filtering  off  any  precipitate 
remaining  after  adding  the  solution  to  be  tested,  acidifying 
the  filtrate,  boiling,  and  testing  for  mercury  with  hydrogen 
sulphide. 

It  has,  however,  been  found,  that  the  action  of  cyanides 
upon  mercurous  oxide  can  be  made  the  basis  of  a  more  deli- 
cate and  desirable  test  than  the  ose  above  proposed. 

If  a  solution  of  mercurous  nitrate  be  precipitated  with  an 
excess  of  sodium  hydroxide,  and  potassium  cyanide  solution 
then  be  added,  a  portion  of  the  precipitate  dissolves,  while 
the  color  of  that  which  remains  is  changed  from  black  to 
light  gray.  The  action  of  the  cyanide  is  to  cause  a  portion  of 
the  mercurous  oxide  to  be  reduced  to  metallic  mercury  with 
the  formation  of  a  corresponding  amount  of  mercuric  oxide, 
which  is  then  dissolved  by  the  cyanide  present.  The  gray 
precipitate  remaining  can  readily  be  shown  to  be  metallic 
mercur)'.  Vitali^  showed  that  hydrocyanic  acid  has  this  ac- 
tion upon  calomel  and  some  other  mercurous  salts.  The 
mercurous  oxide  is  in  nowise  affected  by  either  ferrocyanides 
or  sulphocyanates.  In  order  to  obtain  the  full  delicacy  of  the 
test  it  should  be  made  as  follows  : 

The  solution  to  be  tested  is  made  alkaline  with  sodium  hy- 

'  O.  Vitali :  L'Orosi,  15,  186;  J.  Chem.  Soc,  62,  1416  (1892). 


482  Benedict. 

droxide,  then  about  0.5  to  i  cc.  of  N/25  mercurous  nitrate  is 
allowed  to  flow  slowly  down  the  side  of  the  tube  so  that  it 
will  remain  upon  the  top.  A  ring  of  black  mercurous  oxide 
is  thus  formed.  The  test-tube  is  now  gently  agitated  so  that 
a  mixture  of  the  precipitate  with  the  solution  slowly  takes 
place.  If  cyanide  be  present,  a  portion  of  the  precipitate  will 
dissolve  while  the  rest  will  become  light  gray  in  color. 

When  made  as  above  described  this  test  is  extremely  deli- 
cate, readily  detecting  CN  in  5  cc.  of  a  solution  containing 
about  I  part  CN  in  1,000,000  parts  of  solution.  This  is  not 
the  limit  of  its  delicacy.  When  it  is  remembered  that  the 
limit  of  the  Prussian  blue  test  for  cyanide  is  placed  by  L,ink 
and  Moeckel^  at  i  part  in  50,000,  it  will  be  seen  that  this  test 
is  not  at  all  lacking  in  delicacy. 

When  the  test  is  made,  not  by  the  contact  method  as  de- 
scribed but  by  simply  adding  the  mercurous  nitrate  to  the 
alkaline  test  solution,  there  is  a  possibilit}^  when  the  propor- 
tion of  mercurous  nitrate  used  is  small,  of  mistaking  the  small 
quantity  of  black  mercurous  oxide,  distributed  through  the 
liquid,  for  the  gray  mercury,  whose  formation  constitutes  the 
test,  but  no  such  confusion  can  arise  if  the  above  directions 
are  adhered  to.  For  the  most  delicate  work  a  blank  test  with 
pure  sodium  hydroxide  may  be  made  for  comparison,  the 
same  proportions  of  mercurous  nitrate  and  sodium  hydroxide 
being  used  as  in  the  test. 

While  ferricyanides  would  interfere  with  this  test,  it  will  be 
remembered  that  cyanides  are  oxidized  by  these,  so  that  it  is 
unnecessary  to  test  for  cyanides  when  ferricyanides  are  pres- 
ent. 

The  detection  of  lithium  in  the  presence  of  sodium  without 
the  aid  of  the  spectroscope  is  attended  with  considerable  diffi- 
culty. Of  the  precipitation  methods  so  far  proposed,  prac- 
tically only  one  can  be  of  any  service,  viz.,  the  precipitation 
as  phosphate  in  alkaline  solution.  Yet  this  method,  as 
hitherto  proposed,  can  be  applied  only  where  lithium  is  pres- 
ent in  considerable  amount,  say  not  less  than  a  N/8  solution. 
By  the  modification  of  this  method  described  below,  it  is  pos- 

1  Link  and  Moeckel :  Ztschr.  anal.  Chein.,  17,  456  (1878). 
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sible  to  obtain  a  distinct  precipitate  with  a  N/ioo  solution  of 
lithium  chloride,  this  being  about  the  limit  of  its  availability^ 
This  modification  depends  upon  the  fact  that  the  precipitate 
of  lithium  phosphate  is  much  less  soluble  in  dilute  alcohol 
(whether  hot  or  cold)  than  in  water,  while  sodium  phosphate, 
although  precipitated  by  dilute  alcohol,  readily  redissolves 
upon  heating.  The  procedure  is  as  follows  :  A  little  ammo- 
nium hydroxide  is  added  to  the  solution  to  be  tested,  then 
about  one-tenth  volume  of  N/5  disodium  hydrogen  phosphate  is 
added,  and  finally  enough  ethyl  alcohol  to  produce  a  fairly 
heavy  precipitate,  which  remains  permanent  upon  shaking 
the  tube.  This  precipitate  may  consist  of  only  sodium  phos- 
phate, or  may  be  a  mixture  of  sodium  phosphate  and  lithium 
phosphate.  The  solution  is  now  heated  to  boiling.  If  lith- 
ium be  absent  the  precipitate  will  completely  dissolve,  leaving 
a  perfectly  clear  solution  ;  if,  however,  lithium  be  present  it 
will  be  precipitated  upon  warming,  and  the  precipitate  will 
not  dissolve  even  upon  hard  boiling.  If  the  amount  of  lith- 
ium be  small  the  solution  will  first  clear  and  the  precipitate 
will  form  upon  boiling.  Salts  of  potassium  and  ammonium 
do  not  interfere. 


ON  THK  RATE   OF   CRYSTALLIZATION   OF  PLAS- 
TIC SULPHUR. 

By  J.  H.  Kastle  and  Walter  Pearson  Kelley. 

The  fact  that  plastic  sulphur  gradually  changes  into  the 
crystalline  variety  of  the  element  has  been  known  for  a  long 
time.  According  to  Dumas*  this  change  usuallj'  requires 
from  twenty-four  to  thirty-six  hours.  It  has  also  been  ob- 
served to  vary  with  the  temperature.  According  to  Reg- 
nault'  the  change  is  so  rapid  at  100°  that  the  thermometer 
shows  a  rise  of  temperature  of  from  10°  to  12°.  According 
to  Daguin^  the  crystallization  of  plastic  sulphur  always  be- 
gins in  the  center  of  the  mass  or  in  the  axis  of  the  cylinder, 
that  is,  at  the  point  where  the  cooling  has  been  slowest.     He 

1  Ann.  cbim.  phys.,  [2],  36,  83  (1821). 

■^  Ibid.,  [3],  I,  205  (1841). 

3  Compt.  rend.,  ao,  1665  (1845). 
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concludes,  therefore,  that  the  more  rapid  the  cooling  of  the 
sulphur  the  slower  the  crystallization.  He  also  observed  that 
sunlight  greatly  accelerates  the  rate  of  crystallization,  and 
that  the  higher  the  temperature  at  which  the  sulphur  had 
been  poured  the  slower  its  conversion  into  the  crystalline 
modification. 

According  to  Deville^  plastic  sulphur  is  a  mixture  of  sulphur 
which  is  soluble  in  carbon  bisulphide  and  an  insoluble  variety. 
In  one  specimen  of  plastic  sulphur  he  found  35  per  cent  of  the 
insoluble  form.  This  insoluble  portion  he  found  to  be  re- 
markably stable  at  ordinary  temperatures,  showing  no  tend- 
ency to  crystallize  even  after  four  years.  On  the  other  hand, 
when  heated  to  100°  it  soon  changed  to  the  crystalline 
variety.  More  recently  Gernez^  made  a  study  of  the  rate  of 
change  of  supercooled  sulphur  into  the  crystalline  varieties. 
His  method  consisted  in  fusing  octahedral  sulphur  in  a  gradua- 
ted [J- tube  of  2  mm.  bore,  at  a  definite  temperature,  and  for  a  cer- 
tain definite  length  of  time.  The  tube  containing  the  fused  sul- 
phur was  then  immersed  in  a  bath,  the  temperature  of  which 
was  below  the  melting-point  of  sulphur.  A  small  crystal  of 
prismatic  or  octahedral  sulphur  was  then  dropped  into  the 
tl-tube  and  the  time  required  for  the  solidification  of  the  sul- 
phur through  a  constant  distance  of  10  mm.  determined.  It 
was  found  that  sulphur  that  had  been  heated  to  170°  re- 
quired a  considerably  longer  time  for  solidification  than  that 
which  had  been  fused  at  lower  or  higher  temperatures.  Ac- 
cording to  this  observer  this  is  in  harmony  with  the  observa- 
tions of  Berthelot,  who  found  that  at  170°  the  greatest 
amount  of  insoluble  sulphur  is  produced.  Gernez  also  ob- 
served that  the  phenomena  attending  the  solidification  of 
supercooled  sulphur  are  more  complicated  than  in  the  case  of 
phosphorus,  the  difference  being  probably  due  to  the  fact  that 
amorphous  phosphorus  is  insoluble  in  the  fused  ordinary 
variety,  whereas  the  different  modifications  of  sulphur  remain 
mixed  together  in  the  fused  mass. 

Several  years  ago  the  attempt  was  made  by  Mr.  H.  P.  Bas- 

1  Corapt.  rend.,  26,  119  (1848). 

2  Ibid.y  95,  127S-1280;  97,  1298-1301,  1366-1369,  1433-1435,  1477-1480  ;  98,  144-146  ;  lOO, 
1584-1585- 
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sett^  and  one  of  us  (Kastle)  to  determine  the  rate  of  change 
of  plastic  sulphur  into  the  crystalline  variety,  by  determining 
the  amount  of  soluble  and  insoluble  sulphur  remaining  in 
certain  specimens  of  plastic  sulphur  at  the  end  of  certain  in- 
tervals after  its  preparation.  The  method  was  not  found  to 
lend  itself  particularly  well  to  these  determinations,  however, 
and  the  attempt  was  abandoned.  Later  it  occurred  to  us  that 
more  reliable  results  might  possibly  be  obtained  by  the  spe- 
cific gravity  and  dilatometric  methods.  The  results  of  these 
measurements  are  given  in  the  following  pages  : 
Experiment  i. 
Sulphur  heated  to  200°  and  poured  into  cold  water. 
The  specimen  was  then  kept  in  water,  at  ordinary  tempera- 
ture, during  the  several  intervals  indicated  below  : 


Specific 

Per  cent 

Grams. 

gravity.2 

changed 

Weight 

in 

water  when  poured 

2.144 

1.923 

0 

( ( 

I  hour  later 

2.168 

1-943 

15-7 

( ( 

I     " 

2.192 

1-963 

31-4 

( « 

3  hours  " 

2.2038 

1.973 

39-2 

( t 

4      "       " 

2.2125 

1. 981 

45-6 

( 1 

5      "       " 

2.2195 

1.987 

50-3 

1  i 
1  ( 

air 

6      "       " 

2.2252 
4.4665 

1.992 

54-3 

Another  specimen  of  the  same  pouring  was  kept  in  water 
at  70°  for  certain  intervals  indicated  below,  with  the  fol- 
lowing results : 

specific         Per  cent 
Grams.  gravity.        changed. 

Weight   in   water   after    being 

heated  i  hour  2-249         2.021         77.1 

Weight   in   water   after    being 

heated  2  hours  2.261         2.032         850. 

Weight   in   water  after    being 

heated  3  hours  2.262         2.33  86.6 

Weight   in   water  after    being 

heated  4  hours  2.270         2.04  92.1 

Weight   in   water   after    being 

heated  5  hours  2.275         2.045         96-0 

Weight  in  air  4-451 

1  Thesis  for  the  degree  of  B.  S.,  1901. 

*  The  specific  gravity  of  the  sulphur  was  determined  in  every  case  by  weighing 
the  specimen,  suspended  by  a  fine  silk  thread,  in  a  beaker  of  distilled  water  at  ordi 
nary  temperatures. 
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Experiment  2. 

Another  experiment  was  carried  out  with  sulphur  which 
had  been  heated  to  444°  before  pouring.  One  portion  of 
this  specimen  was  heated  to  80°,  another  to  60°,  and  another 
to  40".     The  one  heated  to  80°  showed  the  following  results  : 


Weight    in  water  after   being 

heated  i  hour 
Weight  in   water  after  being 

heated  2  hours 
Weight  in  water  after  being 

heated  4  hours 
Weight  in  air 


Weight  in   water  after  being 

heated  i  hour 
Weight   in  water  after  being 

heated  2  hours 
Weight  in   water  after  being 

heated  4  hours 
Weight  in  air 


Weight  in  water  after   being 

heated  i  hour 
Weight  in  water  after   being 

heated  2  hours 
Weight  in   water  after  being 

heated  4  hours 
Weight  in  air 

The  initial  specific  gravity  of  the  sulphur  used  in  Experi- 
ment 2  was  found  to  be  1.921. 

Experiment  3 . 

In  this  experiment  the  sulphur  was  heated  to  boiling  and 
poured  at  444°  into  cold  water.  The  specimen  was  then 
kept  under  cold   water  for  certain  intervals,  at  the  end  of 


Grams. 

specific 
gravity. 

Per  cent 
changed. 

0.8328 

2.935 

76.7 

0.8395 

2.039 

79-1 

0.8465 
1-6373 

2.07 

lOO.O 

wed  the 

following 

Grams. 

Specific 

gravity. 

Percent 
changed. 

1-7425 

1.958 

25.0 

1-7477 

1.964 

28.8 

1-756 
3.5602 

1-973 

34-9 

wed  the  following  : 

Grams. 

Specific 
gravity. 

Per  cent 
changed. 

2.1275 

1.936 

II. 6 

2.1603 

1.944 

33-3 

2.1838 

1.985 

49.6 

4-3992 
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which  the  specific  gravity  was  determined  with  the  following 
results  : 


Gram. 

Weight  in  water  when  poured  0.4425 

"        "       "      I  hour  later  0.449 

"        "       "     2.5  hours  later  0.457 

"     5  "        "  0.463 

"     6.5      "        "  0.465 

"        "     7.5      "        "  0.466 

"   24          "        "  0.467 

"        of  sulphur  in  air  0.9072 

Experiment  4.. 

Conditions  similar  to  those  in  Experiment 


Specific 

Per  cent 

gravity. 

changed 

1-952 

0 

1.979 

25.0 

2.015 

58.3 

2.042 

83-3 

2.051 

91.6 

2.056 

96.3 

2.06 

100. 0 

Specific 

Per  cent 

Grams. 

gravity. 

changed. 

in  water  wh 

en  poured 

0.7841 

r-947 

0 

"     6 

hours 

later 

0.7841 

1.947 

0 

"        "     7-5 

0.7868 

1-955 

II. I 

"        "     8.5 

0.791 

1.965 

25.0 

"       "    II 

0.8021 

1.992 

62.5 

"       "   12 

0.805 

1.999 

72.2 

"   24 

0.8129 

2.019 

100. 0 

"    air 

I. 6105 

Experiment  ^ . 

Conditions  same  as  in  Experiments  3  and  4. 


Specific 

Per  cent 

Grams. 

gravity. 

changed. 

Weight  in 

water  when 

poured 

0.7325 

1. 919 

0 

' '     3  hours  later 

0.7325 

1.919 

0 

"     4-5  " 

0.7344 

1-923 

3-2 

"   28      " 

0.746 

1-952 

26.4 

"  30      " 

0.7596 

1.986 

53-6 

"  31-5  " 

0.7646 

1.999 

64.0 

"  33      " 

0.7708 

2.015 

76.8 

"  35      " 

0.774 

2.024 

84.0 

"  51      " 
air 

0.7813 
1-5295 

2.044 

100. 0 

These  results  undoubtedly  indicate  that  the  rate  of  change 
of  plastic  into  crystalline  sulphur  varies  according  to  the  tem- 
perature at  which  the  sulphur  is  poured  ;  in  other  words,  it 
diminishes  with  the  degree  of  the  supercooling,  and  also  with 
the   temperature  at  which  it  is   preserved.     The  higher  the 
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temperature  the  more  rapid  the  change.  It  should  be  noted 
further  that  our  results  do  not  seem  to  accord  with  those  of 
Gernez.  The  amount  of  slowly  changing  sulphur  formed  in 
any  particular  specimen  seems  to  be  proportional  to  the  initial 
temperature  to  which  the  sulphur  is  heated.  Indeed  in  all  of 
our  work  we  have  never  obtained  any  evidence  whatsoever 
that  it  reaches  a  maximum  at  170°.  In  fact  all  specimens 
of  sulphur  w^hich  were  poured  at  temperatures  below  200° 
were  found  to  change  too  rapidly  to  be  measured  by  the 
methods  here  employed.  It  is  also  a  matter  of  common  ex- 
perience that  specimens  of  plastic  sulphur,  prepared  by  pour- 
ing boiling  sulphur  into  cold  water,  crystallize  much  more 
slowly  than  those  prepared  at  lower  temperatures. 
Effect  of  the  Medhim  on  the  Crystallizatioyi  of  Plastic  Sulphur. 
In  our  earlier  work  with  Mr.  Bassett  we  got  the  impression 
that  certain  solvents  exercise  an  accelerating  influence  on  the 
crystallization  of  plastic  sulphur.  In  order  to  throw  more 
light  on  the  subject  the  following  experiments  were  carried 
out.  A  specimen  of  plastic  sulphur  was  divided  into  several 
portions.  One  of  these  was  kept  under  dilute  ammonium 
hydroxide,  a  second  under  95  per  cent  alcohol,  a  third  under 
dilute  bromine  water,  and  a  fourth  under  N/io  iodine  solu- 
tion. For  the  sake  of  comparison,  another  portion  of  the 
same  specimen  was  kept  under  water  for  the  desired  intervals. 
The  specific  gravities  of  these  several  specimens  were  deter- 
mined at  the  end  of  certain  intervals,  in  the  usual  manner, 
with  the  following  results  : 

In  Water. 


Specific 

Per  cent 

Grams. 

gravity. 

changed. 

iight  in 

water  when  poured 

0.7925 

1-934 

0 

I 

hour 

later 

0.793 

1-935 

0.8 

2 

hours 

0.7983 

1-947 

10.8 

3 

0.8095 

1.972 

31-6 

4 

0.8225 

2.005 

59-1 

5 

0.832 

2.029 

79.1 

6 

0.8363 

2.039 

87-5 

7 

0.8383 

2.04 

88.3 

23 

0.842 

2.054 

100. 0 

air 

1.6405 
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In  Dilute  Ammonium  Hydroxide. 


Specific 

Per  cent 

Grams. 

gravity. 

changed. 

Weight  in 

water  when  poured 

08545 

1.944 

0 

1  (        (1 

1 1 

I  hour   later 

0.8595 

1-955 

12.2 

<  <        1  < 

' ' 

2  hours    " 

0.872 

1.982 

42.2 

1  (        1  < 

1 1 

3      "        " 

0.8858 

2.013 

76.6 

( (        <  ( 

1 1 

4      "        '« 

0.8952 

2.034 

100. 0 

( (        1  < 

air 

1-7595 

In  Alcohol. 

Specific 

Percent 

Grams. 

gravity. 

changefi. 

Weight  in 

water  when  poured 

0.6567 

1.949 

0 

<  (        i  1 

1 1 

I  hour   later 

0.6567 

1.949 

0 

1  (        It 

1 1 

2  hours    " 

0.666 

1.977 

24-5 

( <        1  ( 

1 1 

3      "         " 

0.6805 

2.019 

61.4 

11        1  ( 

' ' 

4      "         " 

0.69 

2.048 

86.8 

11        1  ( 

1 1 

5      "        " 

0.6943 

2.061 

98.2 

It        It 

1 1 

6      " 

0.695 

2.063 

100. 0 

ft        II 

air 

In  Bromine 

1.3482 

Water. 

Specific 

Per  cent 

Grams. 

gravity. 

changed. 

Weight  in 

water  when  poured 

0.5588 

1-936 

0 

If        II 

1 1 

1.5  hours  later 

0.575 

1.99 

36.4 

11        ( i 

1 1 

3         "        " 

0.5752 

1. 991 

37-1 

II        II 

1 1 

8 

0.5957 

2.064 

86.4 

11        It 

1 1 

23         "        " 

0.6012 

2.084 

1 00.0 

II        II 

air 

I -1555 

In  N\io  Iodine  Solution. 

Specific 

Percent 

Grams. 

gravity. 

changed. 

Weight  in 

water  when  poured 

0.6442 

1.908 

0 

II        II 

1 1 

2  hours  later 

0.645 

1. 911 

2.1 

II        II 

1 1 

3      " 

0.6458 

1-913 

3-7 

II        It 

1 1 

8      '• 

0.652 

1-93 

16.4 

11        1 1 

' ' 

23      " 

0.668 

1-975 

50.0 

II        II 

1 1 

27      " 

0.669 

1.978 

52.2 

1 1        II 

1 1 

28      " 

0.6807 

2.012 

77.6 

II        II 

1  f 

32      " 

0.6835 

2.02 

84.3 

It        ft 

f  f 

43      " 

0.6905 

2.042 

100. 0 

II        II 

air 

1-353 

It  will  be  observed  that  ammonia,  alcohol,  and  bromine  ac- 


490  Kastle  and  Kelley. 

celerate  the  crystallization  of  plastic  sulphur.  On  the  other 
hand,  iodine  retards  the  crystallization  to  a  very  marked  degree. 
The  last  result  is  in  harmony  with  an  observation  by  Dietzen- 
bacher/  who  found  that  by  adding  1/400  of  its  weight  of  iodine 
to  molten  sulphur  at  180°,  or  even  lower,  a  variety  of  sul- 
phur was  obtained  which  remained  plastic  for  a  very  long 
period  and  which  was  entirely  insoluble  in  carbon  bisulphide. 

Plastic  Sulphur  Has  No  Definite  Melting-point. 

All  that  is  known  concerning  plastic  sulphur  seems  to  indi- 
cate that  it  is  a  supercooled  liquid  containing  one,  or  proba- 
bly several,  molecular  species  of  the  element.  It  seemed  de- 
sirable, therefore,  to  study  more  closely  the  effect  of  heat  on 
the  substance  with  the  view  of  determining  whether  or  not  it 
has  a  definite  melting-point.  In  order  to  determine  this  some 
fine  strands  of  plastic  sulphur  were  obtained  by  pouring  sul- 
phur, that  had  been  heated  to  boiling,  into  cold  water.  A 
short  cylindrical  piece  of  this  was  introduced  into  a  melting- 
point  tube  and  heated  gradually  in  a  sulphuric  acid  bath. 
At  60°  the  sulphur  was  observed  to  take  on  a  peculiar, 
dull,  roughened  appearance.  At  90°  it  became  perfectly 
clear  and  transparent,  and  at  109°  it  began  to  flow  down 
the  walls  of  the  tube.  At  114°  it  was  entirely  liquid,  al- 
though considerably  darker  than  molten  sulphur  that  had 
been  prepared  by  melting  the  crystalline  variety  of  the  ele- 
ment at  this  temperature.  Another  specimen  of  the  same 
plastic  sulphur  was  placed  in  a  melting-point  tube  and  plunged 
into  boiling  water.  At  the  end  of  ten  minutes  it  began  to 
flow,  and  shortly  thereafter  changed  suddenly  to  the  crystal- 
line variety.  It  has  also  been  observed  that  when  a  quantity 
of  plastic  sulphur  is  suspended  by  means  of  a  silk  thread  in 
boiling  water,  it  begins  to  flow  and  soon  separates  from  the 
thread  and  drops  to  the  bottom  of  the  vessel.  We  see,  there- 
fore, that  plastic  sulphur  passes  into  the  perfectly  liquid  form 
through  insensible  gradations  of  temperature ;  in  other 
words,  as  is  to  be  expected,  it  possesses  no  definite  melting- 
point,  the  effect  of  any  increase  of  temperature  being  simply 

1  Compt.  reud.,  56,  39  (1863). 
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to  diminish  its  viscosity  and  to  increase   its  tendency  to  pass 
to  the  cr3'stalline  forms  of  the  element. 

In  this  connection  a  very  interesting  result  was  obtained. 
A  cylindrical  piece  of  plastic  sulphur  that  had  been  prepared 
by  pouring  boiling  sulphur  into  cold  water  was  placed  in  a 
small  test-tube.  The  bottom  of  the  tube  was  then  gently 
heated  in  such  a  manner  as  to  melt  the  lower  end  of  the  sul- 
phur throughout  about  one-fourth  of  its  length,  taking  the 
precaution  to  preserve  the  continuity  of  the  fused  and  un- 
melted  portions.  On  removing  the  source  of  heat,  that  por- 
tion of  the  sulphur  that  had  been  melted,  crystallized  almost 
immediately,  whereas  the  unmelted  portion  remained  plastic 
and  perfectly  transparent  for  several  hours. 

Color  Changes  in  Plastic  Sulphur  Brought  About  by  Heat. 

It  is  well  known  that  the  development  of  the  plastic  condi- 
tion in  sulphur  is  accompanied  by  marked  changes  in  color, 
and  just  as  the  plasticity  persists  for  a  time  after  cooling,  so 
also  the  reddish-brown  tints  resulting  from  the  application  of 
heat  are  preserved  in  the  specimen  for  some  time  after  cool- 
ing. The  one  change  is  always  the  concomitant  of  the  other, 
and  both  are  doubtless  the  outward  signs  of  the  same  molecu- 
lar change  in  liquid  sulphur.  It  is  an  easy  matter  to  predict 
the  stability  of  any  particular  specimen  of  plastic  sulphur 
from  the  color  alone.  As  a  rule,  light,  amber-colored  speci- 
mens of  plastic  sulphur  crystallize  easily,  whereas  reddish- 
brown  varieties  remain  plastic  for  longer  periods. 

Such  being  the  case,  it  occurred  to  us  that  it  would  not  be 
without  interest  to  study  the  changes  in  color  of  plastic  sul- 
phur brought  about  by  heat.  In  order  to  do  this  two  melt- 
ing-point tubes  were  attached  to  the  same  thermometer.  In 
one  of  these  was  placed  a  short  C3''lindrical  piece  of  plastic 
sulphur,  which  had  been  prepared  by  pouring  boiling  sulphur 
into  cold  water,  and  which  was  clear  and  transparent,  and  of 
a  reddish-brown  color.  A  few  small  crystals  of  orthorhombic 
sulphur  were  placed  in  the  second  tube,  and  the  thermometer 
with  the  tubes  attached  was  placed  in  a  bath  of  pure  sul- 
phuric acid,  and  the  whole  gradually  heated  over  a  small 
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flame.  At  60°  the  specimen  of  plastic  sulphur  became  dull 
and  cloudy  in  appearance,  at  90°  it  regained  its  transpar- 
ency, at  102°  it  began  to  show  signs  of  flowing,  and  at  115° 
it  was  completely  liquid.  Another  effect  of  the  heat  was 
to  deepen  the  color  slightly,  so  that  in  the  liquid  state  this 
specimen  had  about  the  same  color  as  an  equal  amount  of 
N/io  iodine  solution.  The  specimen  of  orthorhombic  sulphur 
began  to  melt  at  115°,  and  was  completely  molten  at  120°. 
It  gave  a  light,  amber  colored  liquid,  having  a  slight  green- 
ish tint.  The  difference  in  the  color  of  the  two  specimens 
was  certainly  very  marked.  The  flame  was  now  removed 
and  the  bath  allowed  to  cool  slowly.  As  was  to  be  expected, 
the  liquid  resulting  from  the  melting  of  the  orthorhombic 
sulphur  crystallized  first  at^^°,  whereas  the  melt  from  the 
plastic  sulphur  did  not  crystallize  until  ^°  was  reached. 
The  flame  was  again  placed  under  the  bath  and  the  tubes  re- 
heated. The  tube  which  originally  contained  the  plastic  sul- 
phur began  to  show  signs  of  melting  at  107°  and  was  com- 
pletely molten  at  110°.  The  original  orthorhombic  speci- 
men now  began  to  melt  at  114°  and  was  completely  fused 
at  120°.  In  the  liquid  condition  each  specimen  assumed 
very  nearly  the  same  tint  as  before.  On  gradual  cooling,  the 
specimen  resulting  from  the  melting  of  the  orthorhombic 
variety  crystallized  at  95°,  whereas  that  resulting  from  the 
plastic  form  crystallized  at  80°.  Heat  was  reapplied.  The 
plastic  specimen  melted  at  from  113°  to  115°,  the  ortho- 
rhombic at  116°.  As  the  result  of  these  successive  heatings 
the  two  specimens  were  beginning  to  show  an  alteration  in 
color.  The  original  plastic  specimen  was  becoming  percepti- 
bly lighter  in  color,  whereas  the  original  orthorhombic  speci- 
men was  beginning  to  take  on  a  reddish-brown  tint.  It 
therefore  occurred  to  us  that  if  the  two  specimens  were  heated 
for  a  sufficient  length  of  time  they  would  become  alike  in 
color.  x'Vccordingly,  the  two  tubes  were  heated  for  about  five 
hours  at  120"  to  125°.  At  the  end  of  this  time  both  speci- 
mens were  reddish-brown  in  color  and  were  practically  of  the 
same  tint.  It  is  evident,  therefore,  that  whether  we  start 
with  plastic  or  orthorhombic  sulphur,  a  chemical  equilibrium 
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is  ultimately  reached  as  the  result  of  the  application  of  heat 
to  the  system. 
On  the  Effect  of  Tension  on  the  Crystallization  of  Plastic  Sul- 
phur. 
It  is  a  matter  of  common  observation  that  stretching  or 
handling  plastic  sulphur  has  a  tendency  to  accelerate  its  crys- 
tallization. This  is  doubtless  the  result  both  of  the  action  of 
heat  and  mechanical  disturbance.  It  seemed  of  interest, 
therefore,  to  determine  the  effect  of  tension  on  the  crystalliza- 
tion of  the  substance.  Several  experiments  having  this  for 
their  object  were  carried  out  in  this  laboratory  by  Mr.  Bas- 
sett  several  years  ago.  Strands  of  plastic  sulphur  of  about 
equal  length,  were  cut  from  the  same  piece,  and  pieces  of  thin 
rubber  were  tied  to  the  ends  of  the  pieces  of  plastic  sulphur. 
In  one  case  the  rubber  ends  were  drawn  taut  over  upright 
pins,  inserted  in  a  block  of  wood  in  such  a  way  as  to  exert 
considerable  tension  on  the  strand  of  plastic  sulphur  with 
which  they  were  connected,  whereas  the  rubber  end-pieces 
connecting  the  second  strand  of  sulphur  were  left  free  and 
hence  exercised  no  tension  on  the  second  strand  of  plastic 
sulphur.  Both  pieces  were  kept  under  water  during  the  in- 
terval of  the  experiment.  After  the  lapse  of  several  hours 
the  two  pieces  of  sulphur  were  removed  from  the  water  and 
disconnected  from  the  rubber  strands.  They  were  then  dried 
and  weighed,  and  the  amount  of  soluble  sulphur  determined 
in  each  by  bringing  them  in  contact  with  carbon  bisulphide, 
and  weighing  the  insoluble  residue.  The  following  results 
were  obtained  : 

Experiment  i. 

Per  cent  of  soluble 
sulphur  found. 

Plastic  sulphur  poured  at  300°  : 

Under  tension  55- 13 

Not  under  tension  31 '71 

Experiment  2. 

Per  cent  of  soluble 
sulphur  found. 

Plastic  sulphur  poured  at  350°  : 

Under  tension  45-24 

Not  under  tension  21.20 
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In  harmony  with  these  results  it  was  invariably  found  that 
the  specimens  of  sulphur  under  tension  became  brittle,  opaque, 
and  crystalline,  whereas  the  strands  not  under  tension  re- 
mained plastic  and  translucent  during  the  interval  of  the  ex- 
periment. 

An  interesting  confirmation  of  these  results  has  recently 
been  obtained.  Beautifully  transparent  strands  of  plastic  sul- 
phur were  prepared  by  carefully  pouring  sulphur  that  had 
been  heated  to  250°  into  cold  water.  The  strands  had  an 
even  thickness  of  about  \  inch.  Two  of  them  were  cut  into 
lengths  of  2  inches  each  and  clamped  at  the  ends  by  means  of 
delicate  rubber  clamps.  One  of  them  was  drawn  out  so  as  to 
increase  the  original  length  by  about  \  inch,  whereas  the 
other  was  left  free.  The  former,  therefore,  was  under  con- 
siderable tension  whereas  the  latter  was  not.  Both  were  kept 
side  by  side  under  water  during  the  experiment.  Both  re- 
mained perfectly  clear  and  transparent  for  some  time.  At 
the  end  of  one  and  one-half  hours,  however,  relatively  large, 
well-defined  crystals  began  to  develop  in  the  longitudinal 
axis  of  the  strand  under  tension,  whereas  the  strand  not  un- 
der tension  remained  perfectly  clear  and  transparent,  showing 
no  crystallization  whatsoever.  At  the  end  of  two  hours  the 
crystallization  had  extended  almost  throughout  the  piece  un- 
der tension,  whereas  in  the  specimen  not  under  tension  only- 
a  few  crystals  were  to  be  seen.  The  specific  gravities  of  the 
two  pieces  were  then  determined  with  the  following  results  : 

Initial  specific  gravity  1.94 
Specific  gravity  specimen,  not  under  ten- 
sion 1-953 
Specific  gravity  specimen,  under  tension  1.975 

The  phenomena  here  under  consideration  are  doubtless  al- 
together analogous  to  the  changes  which  take  place  in  metals 
when  the  latter  are  subjected  to  mechanical  stress. 

The  Dilatometric  Method  of  Measuring  the  Rate  of  Change  of 
Plastic  into  Crystalline  Sulphur. 

Kopp^  seems  to  have  been  the  first  to  employ  the  dilatome- 

>  Ann.  Chem.  (Uebig),  93.  129-232  (1855)- 
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ter  in  measuring  the  change  of  volume  of  sulphur  and  various 
other  substances  produced  by  heating  and  melting.  More 
recently  Reicher,'  working  in  van't  Hoff's  laboratory,  has 
employed  this  instrument  in  determining  the  transition  tem- 
perature of  sulphur,  and  in  studying  the  change  of  the  ortho- 
rhombic  into  the  monoclinic  variety.  The  interesting  results 
obtained  by  these  observers  naturally  suggested  that  possibly 
the  dilatometer  might  be  employed  advantageously  in  deter- 
mining the  rate  of  crystallization  of  plastic  sulphur. 

Several  simple  forms  of  the  instrument  have  been  employed. 
One  of  these  was  constructed  in  the  following  manner  :  A  50 
CO.  pipette  was  fused  off  near  the  lower  part  of  the  bulb.  The 
upper  tube  of  the  pipette  was  cut  off  about  1.5  inches 
from  the  bulb.  The  bulb  was  then  filled  with  water  and  the 
required  amount  of  freshly  prepared  plastic  sulphur  intro- 
duced. The  bulb  of  the  apparatus  was  connected  with 
a  millimeter  tube,  graduated  in  millimeters,  about  2  feet  long, 
by  means  of  a  tightly  fitting  rubber  tube.  By  pushing  the 
graduated  tube  into  the  bulb  and  carefully  drawing  it  out 
again  the  column  of  water  in  the  graduated  tube  could  be  ad- 
justed to  any  desired  height.  In  order  to  guard  against  leak- 
age the  rubber  connection  was  carefully  wrapped  with  copper 
wire,  and  as  a  further  safeguard,  the  whole  connection  was 
covered  over  with  black  rubber  tire-tape.  The  bulb  of  the 
apparatus  was  then  immersed  in  water  above  the  level  of  the 
rubber  connection  and  the  whole  apparatus  clamped  in  a  ver- 
tical position.  The  gradual  fall  in  the  column  of  water  in  the 
millimeter-tube  served  to  indicate  the  progress  of  the  change, 
the  height  of  the  column  being  read  off  at  different  intervals. 
The  graduated  tube  was  accurately  calibrated  by  means  of 
mercury.  The  following  are  some  of  the  results  obtained 
with  this  form  of  apparatus  : 

Experiment  i. 

Plastic  sulphur  poured  at  440°. 
Amount  of  sulphur  used,  6.8295  grams. 
Initial  specific  gravity  of  sulphur,  1.923. 

-  "  E;tudes  de  Dyuamique  Chimique,"  van  't  Ho£f :  EJng.  Trans.,  p.  94-95  (1896). 
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Specific  gravity  of  sulphur  when  removed  from  dilatometer, 

2. CO. 

Cubic  capacity  of  dilatometer-tube  per  centimeter,  0.013 19 
cc. 

Dilatometer  Readings. 


Time. 

Increments  of 

Contraction 

Minutes. 

Readings. 

contraction.  Te 

mperature. 

in  cc. 

0 

5.6 

0 

22.5 

0 

5 

6.7 

I.I 

22.5 

0.014509 

5 

8.7 

I.O 

22.5 

0.01319 

5 

9-55 

0.85 

22.5 

O.OII2II 

5 

10.15 

0.6 

22.5 

0.007914 

5 

10.5 

0.45 

22.5 

0.005935 

5 

10.9 

0.4 

22.5 

0.005276 

5 

II. I 

0.2 

22.5 

0.002638 

5 

II-3 

0.2 

22.5 

0.002638 

5 

"•5 

0.2 

22.5 

0.002638 

5 

II. 7 

0.2 

22.5 

0.002638 

5 

11.85 

0.15 

22.5 

0.001978 

5 

12.0 

0.15 

22.75 

0.001978 

5 

12.15 

0.15 

22.75 

0.001978 

5 

12.2 

0.05 

23.0 

0.000659 

5 

12.4 

0.2 

23.0 

0.002638 

5 

12.45 

0.05 

23.5 

0.000659 

230 

15.9 

3-45 

22.5 

0.045505 

Total  contraction,  10.3  cm. 
Contraction  found  by  dilatometer,  0.1358  cc. 
Contraction  calculated  from  difference  in  specific  gravity, 
0.1365  cc. 

Experiment  2. 

Plastic  sulphur  poured  at  250°. 
Amount  of  sulphur  used,  4  grams. 
Initial  specific  gravity  of  sulphur,  1.931. 
Specific  gravity  of  sulphur  when  removed  from  dilatometer, 
2.059. 

Capacity  of  dilatometer  tube,  o. 01 241  cc.  per  cm. 
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Time. 

Increments  of 

Tempera- 

Contraction 

Minutes. 

Readings. 

contraction. 

ture. 

in  cc. 

O 

6.7 

0 

21 

0 

3 

7-65 

0.95 

21 

O.OII88 

5 

8.075 

0.425 

21 

0.00527 

5 

8.4 

0.325 

21 

0.00403 

5 

8.7 

0.3 

21 

0.00372 

5 

8-95 

0.25 

21 

0.00310 

5 

9.2 

0.25 

21 

0.00310 

5 

9-45 

0.25 

21 

0.00310 

15 

10.05 

0.6 

21 

0.00744 

15 

10.6 

0.55 

21 

0.00682 

15 

11.05 

0.45 

21 

0.00568 

15 

11-45 

0.4 

21 

0.00496 

15 

11.07 

0.25 

21 

0.00310 

945 

17-05 

5.35 

21 

0.06649 

Total  contraction,  10.35  cm. 
Contraction  found  by  dilatometer,  0.1284  cc. 
Contraction  calculated  from  difference  in  specific  gravity, 
0.1288  cc. 

A  comparison  of  the  readings  obtained  in  the  first  and  sec- 
ond experiments  of  this  series  brings  out,  in  a  very  striking 
way,  the  most  essential  difference  between  plastic  sulphur 
prepared  by  pouring  sulphur  that  has  been  heated  only 
to  moderately  high  temperatures,  and  that  which  has  been 
prepared  by  pouring  at  temperatures  in  the  vicinity  of  its 
boiling-point.  A  large  part  of  the  former  always  crystallizes 
almost  immediately,  whereas  in  the  latter  crystallization  al- 
ways proceeds  with  extreme  slowness.  The  results  obtained 
with  the  dilatometer  therefore  simply  tend  to  confirm  those  of 
common  experience. 

With  the  form  of  dilatometer  first  employed,  considerable 
difiiculty  was  experienced  on  account  of  the  narrow  opening 
of  the  bulb  of  the  instrument,  and  the  difficulty  of  introducing 
the  plastic  sulphur  with  sufficient  rapidity  to  avoid  crystalliza- 
tion, after  the  determination  of  its  initial  specific  gravity. 
With  the  view  of  overcoming  this  difficulty,  recourse  was  had 
to  the  simple  form  of  dilatometer  proposed  by  Kopp.^     As 

1  See  drawing- :  Ann.  Chem.  (I<iebig),  93,  Fig.  II.  at  end  of  volume. 
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made  by  us,  the  bulb  of  the  instrument  consisted  of  a  wide- 
mouthed  homeopathic  vial,  of  about  i  ounce  capacity.  This 
was  connected  to  the  graduated  millimeter-tube  by  means  of 
a  soft  perforated  cork,  which  had  previously  been  boiled  in 
oil,  in  order  to  render  it  impervious  to  water.  The  wide 
mouth  of  the  bottle  enabled  us  to  introduce  the  sulphur  into 
the  apparatus  with  great  rapidity,  so  that  no  time  was  lost  in 
setting  up  the  apparatus.  The  height  of  the  column  of  water 
in  the  dilatometer-tube  was  adjusted  to  the  desired  level  by 
alternately  pushing  in  and  withdrawing  the  tube.  During 
the  experiment  the  bulb  of  the  apparatus  was  immersed  in- 
oil  above  the  level  of  the  cork.  The  following  are  the  results 
of  some  experiments  that  were  carried  out  by  means  of  this 
instrument : 

Experifnent  J. 

Plastic  sulphur  poured  at  250°. 
Amount  of  sulphur  used,  14.6800  grams. 
Initial  specific  gravity  of  sulphur,  1.901. 
Specific  gravity  of  sulphur  when  removed  from  dilatome- 
ter,  1.941. 

Capacity  of  dilatometer-tube,  0.01319  cc.  per  cm. 

Dilatometer  Readings. 


Time. 

Increments  of 

Tempera- 

Contraction 

Minutes. 

Readings. 

contraction. 

ture. 

in  cc. 

0 

1.2 

0 

20 

0 

5 

2 

5 

1-3 

20 

O.OI7147 

5 

3 

8 

1-3 

20 

O.OI7147 

5 

5 

0 

1.2 

20 

0.015828 

5 

5 

8 

0.8 

20 

0.010452 

5 

6 

45 

0.65 

20 

0.008573 

5 

7 

0 

0.55 

20 

0.007254 

6.5 

7 

4 

0.4 

20 

0.005276 

5 

7 

75 

0.35 

20 

0.004616 

5 

8 

0 

0.25 

20 

0.003295 

5 

8 

3 

0.3 

20 

0.003957 

5 

8 

525 

0.225 

20 

0.002967 

5 

8 

75 

0.225 

20 

0.002967 

5 

8 

975 

0.225 

20 

0.002967 

5 

.    9 

175 

0.2 

20 

0.002638 

5 

9 

375 

0.2 

20 

0.002638 
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Time. 

Increments  of   Tempera- 

Contraction 

Minutes. 

Readings. 

contraction. 

ture. 

in  cc. 

5 

9.575 

0.2 

20 

0.002638 

5 

9-75 

0.175 

20 

0.002308 

5 

9-95 

0.2 

20 

0.002638 

5 

10.15 

0.2 

20.25 

0.002638 

5 

10.45 

0.3 

20.25 

0.003957 

5 

10.55 

O.I 

20.25 

O.OOI319 

5 

10.775 

0.225 

20.25 

0.002967 

5 

II. 15 

0.375 

20.25 

0.004946 

5 

11-325 

0.175 

20.25 

0.002308 

5 

II-5 

0.175 

20.5 

0.002308 

5 

II. 7 

0.2 

20.5 

0.002638 

5 

11.875 

0.175 

20.5 

0.002308 

5 

12.05 

0.175 

20.5 

0.002308 

5 

12.2 

0.15 

20.5 

0.001978 

5 

12.45 

0.25 

20.5 

0.001648 

5 

12.525 

0.075 

20.5 

0.000989 

5 

12.7 

0.175 

20.5 

0.002308 

5 

12.825 

0.125 

20.5 

0.001648 

5 

12.975 

0.15 

20.5 

0.001978 

5 

131 

0.125 

20.5 

0.001648 

17 

13-5 

0.4 

20.5 

0.005276 

Total  contraction,  12.3  cm. 

Contraction  found  by  dilatometei 

-,   0.1622 

5  cc. 

Contraction  calculated  from  difference  i 

in  specific  gravity, 

.16001  cc. 

Experiment 

^• 

Plastic  sulphur  poured  at  230°. 

Amount  of 

sulphur 

used,  8.4420  grams. 

Initial  specific  gravity  of  sulphui 

",    1.911- 

Specific  gravity  of 

sulphur  whe 

n  removed  from  dilatome- 

er,  1.972. 

Capacity  of  dilatometer  tube,  0.01412  cc 

per  cm. 

Dilatometer  Readings. 

Time. 

Increments  of 

Tempera 

Contraction 

Minutes. 

Readings. 

contraction. 

ture. 

in  cc. 

0 

2.4 

0 

20 

0 

5 

4.4 

2.0 

20 

0.02824 

5 

5-45 

1.05 

20 

0.014826 

5 

6.05 

0.6 

20 

0.008472 

5 

6.5 

0.45 

20 

0.006354 

500 
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Time. 

Increments  of 

Tempera- 

Contraction 

Minutes. 

Readings. 

contraction. 

ture. 

in  cc. 

5 

6.875 

0.375 

20 

0.005295 

5 

7-175 

0.3 

20 

0.004236 

lO 

7.625 

0.45 

20 

0.006354 

5 

7.825 

0.2 

20 

0.002824 

5 

7-975 

0.15 

20 

O.OO2118 

25 

8.575 

0.6 

20 

0.008472 

15 

8.875 

0.3 

20 

0.004236 

5 

8.925 

0.05 

20 

0.000706 

5 

9.00 

0.075 

20 

0.001059 

II 

9-15 

0.15 

20 

0.0021 18 

9 

9-3 

0.15 

20 

O.OO2II8 

35 

9-85 

0.55 

20 

0.00713 

lOO 

II-3 

1.45 

20 

0.020474 

15 

II-5 

0.2 

20 

0.002824 

1 05 

12,6 

I.I 

20 

0.015532 

Total  contraction,  10.2  cm. 
Contraction  found  by  dilatometer,  0.1440  cc. 
Contraction  calculated  from  difference  in  specific  gravity, 
0.1365  cc. 

Experiment  5. 

Plastic  sulphur  poured  at  220°. 
Amount  of  sulphur  used,  20.6900  grams. 
Initial  specific  gravity  of  sulphur,  1.884. 
Specific  gravity  of  sulphur  when  removed  from  dilatome- 
ter, 1.934. 

Capacity  of  dilatometer  tube,  0.01412  cc.  per  cm. 

Dilatometer  Readings. 


Time. 

Increments  of 

Temper- 

Contraction 

Minutes. 

Readings. 

contraction. 

ature. 

in  cc. 

0 

I.O 

0 

20 

0 

1.6 

0.6 

20 

0.008472 

215 

0.5 

20 

0.007060 

2.45 

0.3 

20 

0.004236 

30 

0.55 

20 

0.007766 

3-55 

0.55 

20 

0.007766 

4-05 

0.5 

20 

0.007060 

5.025 

0.475 

20 

0.006707 

5-5 

0.475 

19.75 

0.006707 

5925 

0.425 

19.75 

0.006001 
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Dilatometer  Readings  (  Continued) . 


Time. 

Increments  of 

Tempera- 

Contraction 

Minutes.    Readings. 

contraction. 

ture. 

in  cc. 

I        6.375 

0.45 

19-75 

0.006154 

I        6.725 

0.35 

19.75 

0.004942 

I     7-15 

0.425 

19.75 

0.006001 

I     7-525 

0-375 

19.75 

0.005295 

I     7-875 

0.35 

19.75 

0.004942 

I     8.25 

0-375 

19.75 

0.005295 

I     8.625 

0.375 

19.75 

0.005295 

I     8.925 

0.3 

19.75 

0.004236 

I     925 

0.325 

19.75 

0.004588 

I     9-505 

0.255 

19.75 

0.0036 

I     9-875 

0.37 

19.75 

0.005224 

I     10.15 

0.275 

19.75 

0.003883 

I     10.4 

0.25 

19.75 

0.00353 

I     10.65 

0.15 

19.75 

0.0021 18 

I     10.95 

0.3 

19-75 

0.004236 

I     II. 2 

0.25 

19.75 

0.003530 

I     11.4 

0.2 

20 

0.002824 

I     11.65 

0.25 

20 

0.00353 

I     11.85 

0.2 

20 

0.002824 

I     12.05 

0,2 

20 

0.002824 

I     12.275 

0.225 

20 

0.003177 

I     12.45 

0.175 

20 

0.002477 

I     12.65 

0.2 

20 

0.002824 

I     12.825 

0.175 

20 

0.002471 

I     13.0 

0.175 

20 

0.002471 

I     13.2 

0.2 

20 

0.002824 

I     13-35 

0.15 

20 

0.0021 18 

I     13.6 

0.25 

20 

0.003530 

I     13-675 

0.075 

20 

0.001059 

I     13-8 

0.125 

20 

0.001765 

I     13.95 

0.15 

20 

0.002  I  18 

I     14.1 

0.15 

20 

O.OO2I18 

I     14.25 

0.15 

20 

0.001765 

I     14-375 

0.125 

20 

0.001765 

I     14.0 

0.125 

20 

0.001765 

I     14.62 

0.12 

20 

0.001694 

I     14-75 

0.13 

20 

0.001835 

I     14.875 

0.125 

20 

0.001765 

I     15.0 

0.125 

20 

0.001765 

I     15. 1 

0.1 

20 

O.OOI412 

I     15-225 

0.125 

20 

0.001765 

I     15-325 

0.1 

20 

O.OOI412 
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Time. 
Minutes. 


Readings. 

15-425 
15-525 
15-625 

15-7 
15-8 

15-9 

16.0 

16.075 

16.5 

16.85 

17.225 

17-55 

17-85 

18.15 

18.4 

18.65 

18.9 

19-15 

19.4 

19.265 

19.825 

20.025 

20.225 

20.425 

20.6 

20.775 

20.95 


Increments  of 
contraction. 


Tempera- 
ture. 


Contraction 
in  cc. 


O.I 

O.I 

O.I 

0.075 

O.I 

O.I 

O.I 

0.075 
.    0.25 

0.35 
0.275 

0.325 

0.3 

0.3 

0.25 

0.25 

0.25 

0.25 

0.25 

0.225 

0.2 
0.2 
0.2 
0.2 

0.175 
0.175 
0.175 

Total  contraction,  19.95  c™- 

Contraction  found  by  dilatometer,  0.2815  cc. 

Contraction  calculated  from  difference  in  specific  gravity, 
0.2834  cc. 

For  successive  intervals  of  five  minutes  the  contractions 
show  a  gradual  decrease.  On  the  supposition  that  the  change 
under  consideration  is  a  monomolecular  process  we  have  the 
following  values  for  the  coefficient  of  velocity  : 


20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 


0.001412 

0.001412 

0.001412 

0.001059 

0.001412 

0.001412 

0.001412 

0.001059 

0.00353 

0.004942 

0.003883 

0.004588 

0.004236 

0.004236 

0.00353 

0.00353 

0.00353 

0.00353 

0.00353 

0.003177 

0.002824 

0.002824 

0.002824 

0.002824 

0.002471 

0.002471 

0.002471 


Time. 
Minutes. 

5 
10 

15 
20 

25 
30 


Contractions, 
cm. 

2.55 
2.375 
1.95 
1.63 

1.445 
1. 10 


Per  cent  of  change. 

17.7 
24.6 

34-4 
42.6 

49-8 

55-3 


k. 

0.030288 
0.029781 
0.029103 
0.028492 
0.028190 
0.027350 
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It  will  be  seen  from  these  numbers  that  there  is  a  falling 
off  in  the  velocity  of  the  change,  amounting  to  about  10  per 
cent,  in  thirty  minutes.  This  gradual  diminution  in  the  rate 
of  crystallization  of  plastic  sulphur  is  in  harmony  with  the 
conception  that  in  this  supercooled  liquid  we  have  to  deal  not 
with  one,  but  probably  with  several  molecular  species,  some 
of  which  pass  to  the  cr5^stalline  variety  of  the  element  more 
rapidly  than  others.  We  have  seen  that  such  a  conception 
derives  support  from  various  other  properties  of  the  substance 
such  as  the  color,  solubility  in  carbon  bisulphide,  etc. 

State  College  of  Kentucky, 
Lexington,  June,  1904. 


PERCHROMIC   ACID   AND   THE  PERCHROMATES.' 

By  Horace  G.  Byers-  and  K.  Emmet  Reid.^ 
HISTORICAL. 

The  well-known  blue  compound,  formed  when  solutions  of 
chromic  acid  or  acidified  chromates  are  treated  with  hydro- 
gen peroxide,  was  discovered  by  Barreswill*  in  1847  and  is  in 
common  use  as  a  means  of  detection  of  both  chromic  acid  and 
hydrogen  peroxide  because  of  the  intense  blue  color  of  its 
solution  in  ether,  in  which  it  is  comparatively  stable.  The 
discoverer  assigned  to  this  compound  the  formula  Cr^O,,  be- 
cause of  the  volume  of  oxygen  evolved  by  it  when  reacting 
with  hydrogen  peroxide.  He  was  unable  to  obtain  any  stable 
compounds  of  alkalies  with  it,  nor  was  he  able  to  isolate  the 
substance  giving  rise  to  the  blue  color. 

Fairly,*  by  similar  means,  deduced  the  formula  CrOg  for 
the  blue  substance. 

Moissan*  obtained  the  blue  compound  from  the  ethereal 
solution  by  rapid  evaporation  at  — 20°  as  an  oily  liquid,  and 
showed  that  in  this  condition  it  evolved  hydrogen  by  action 
on  sodium  amalgam.     From  the  amount  of  oxygen  which  the 

1  This  work  was  begun  at  the  University  of  Washington  and  continued,  jointly, 
at  the  University  of  Chicago,  in  the  laboratory  of  General  and  Physical  Chemistry. 
'  University  of  Washington. 
3  Baylor  University,  Texas. 
<  Ann.  chim.  phys.,  [3],  ao,  2641. 
!>  Chem.  News,  a,  237. 
*  Compt.  rend.,  97,  96. 
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blue  solution  evolved  by  its  spontaneous  decomposition  in  the 
presence  of  alkalies,  he  concluded  that  the  blue  substance  has 
the  composition  CrOj.HjOg.  He  states  that  by  its  action  on 
the  alkali  metals  chromates  are  produced, 

Berthelot/  studying  the  compound  from  the  point  of  view 
of  the  oxygen  evolved  when  acidified  bichromates  are  treated 
with  hydrogen  peroxide,  assigns  to  the  blue  compound  the 
probable  formula  H.CrO^.HjOj,. 

Pechard,^  by  treatment  of  the  aqueous  solution  of  the  blue 
compound  with  barium  hydroxide,  obtained  a  compound  to 
which  he  assigns  the  formula  BaCrOj. 

Hausserman,^  by  treatment  of  chromium  hydroxide  with 
sodium  peroxide,  obtained  a  compound  to  which  he  assigns 
the  formula  Na6Cr20i5.28-3oH,0. 

Wiede*  prepared  from  the  blue  ethereal  solution  a  salt  to 
which  he  gave  the  composition  (NH3)3CrO^,  and  a  series  of 
salts  of  the  organic  bases  to  which  he  assigns  the  general  for- 
mula RCrOj.  He  also  prepared  the  salts  of  ammonium, 
sodium,  and  potassium,  and  assigns  to  these  the  composition 
expressed  by  the  formula  MCrO^HjOj.  He  concludes,  there- 
fore, that  the  blue  solution  contains  chromium  in  the  state  of 
oxidation  implied  by  the  formula  CrjOj. 

Patten,*  by  reason  of  the  color  produced  when  the  blue 
aqueous  solution  is  treated  with  a  solution  of  sodium  acetate, 
and  because  of  a  purple  precipitate  formed  when  the  ethereal 
solution  is  treated  with  solid  sodium  acetate,  concludes  that 
the  blue  solution  contains  chromium  in  the  state  of  oxidation 
conforming  to  the  oxide  CrO. 

A  study  of  the  foregoing  literature  convinced  the  authors 
of  the  present  paper  that  more  work  on  this  subject  is  desira- 
ble, and  that  the  many  attempts  to  get  compounds  of  the  blue 
substance  by  direct  treatment  with  the  alkali  metals  failed 
only  by  reason  of  the  temperature  at  which  these  attempts 
were  made.     The  following  investigation  resulted  : 

Compt.  rend.,  108,  25  ;  157,  477. 
2  Ibid.,  113,  39. 
8  J.  prakt.  Chem.,  48,  70. 

■«  Ber.  d.  chem.  Ges.,  30,  2178  ;  31,  516,  3139;  33,  378. 
5  This  JoxjRNAL,  ap,  385  (1903). 
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EXPERIMENTAL. 

The  Potassium  Salt. — Acting  on  the  hypothesis  that  the 
formation  of  chromates  by  the  action  of  alkalies  and  the 
alkali  metals  is  due  to  the  decomposition  of  the  product  first 
formed,  the  blue  solution  was  prepared,  using  an  acidi- 
fied bichromate  solution  saturated  at  the  ordinary  tempera- 
ture of  the  room,  and  just  sufiicient  2.5  per  cent  hydrogen 
peroxide  to  give  the  supernatant  layer  of  ether  an  intense  blue 
color.  This  blue  solution  was  cooled  to  about  — 20°  and 
freshly  cut  pieces  of  potassium  dropped  in.  The  low  tem- 
perature was  maintained  by  the  use  of  solid  carbon  dioxide, 
which  was  placed  in  an  ether-bath  surrounding  the  blue  solu- 
tion or  was  dropped  directly  into  the  latter.  A  vigorous 
evolution  of  gas,  which  was  proved  by  analysis  to  be  hydro- 
gen, followed  the  addition  of  the  potassium.  At  the  same 
time  there  was  produced  a  purplish-black  precipitate,  and  the 
blue  solution  was  ultimately  decolorized.  This  precipitate 
quickly  decomposes,  when  exposed  to  the  air  at  the  room 
temperature,  with  the  evolution  of  oxygen  and  the  formation 
of  a  substance  which  proved  to  be  the  bichromate.  It  dis- 
solves in  water  with  the  formation  of  a  sherry  wine  color, 
and,  if  the  water  is  ice-cold,  only  slowly  fades  to  the  color  of 
the  chromate.  It  regenerates  the  blue  color  when  acidified 
in  the  presence  of  ether. 

As  the  compound  seems  to  begin  to  decompose  even  be- 
low zero  the  analysis  by  the  usual  methods  is  difficult.  Since 
the  compound  evolves  oxygen  on  decomposition  and  forms  a 
dichromate,  it  was  thought  that  the  determination  of  the 
available  oxygen  would  be  a  means  of  arriving  at  the  compo- 
sition. 

A  N/io  solution  of  potassium  bichromate  was  titrated 
against  a  neutral  solution  of  ferrous  ammonium  sulphate  of 
similar  concentration.  Measured  quantities  of  the  latter, 
usually  50  cc,  were  diluted  with  about  100  cc.  of  recently 
boiled  water.  In  the  earlier  experiments  ordinary  distilled 
water  was  used.  Into  the  iron  solution,  portions  of  the  potas- 
sium salt  were  dropped,  and  the  solution  vigorously  stirred. 
The  portions  used  were  washed  with  cold  ether,  and  care  was 
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taken  to  insure  a  large  excess  of  iron.  The  solution  was 
acidified  with  sulphuric  acid  and  the  excess  of  iron  deter- 
mined by  titration  against  the  bichromate  solution,  using  fer- 
ricyanide  as  an  indicator. 

The  titrated  solution  was  then  made  alkaline  with  ammo- 
nia, boiled,  and  filtered.  The  precipitated  hydroxides  of  iron 
and  chromium  were  dried  and  fused  in  an  iron  crucible  with 
an  excess  of  sodium  peroxide  and  a  small  piece  of  potassium 
hydroxide  over  a  Bunsen  burner.  The  fused  mass  was  dis- 
solved in  water,  saturated  with  carbon  dioxide,  and  filtered. 
The  residue  was  again  fused  and  redissolved.  The  two  solu- 
tions were  titrated  against  the  iron  solution.  These  titrations 
give,  in  the  first  instance,  the  oxidizing  power  of  the  potas- 
sium salt,  and  in  the  second,  the  oxidizing  power  of  its 
chromium  in  the  known  form  of  the  chromate.  Of  course, 
deduction  was  made  for  the  amount  of  chromium  introduced 
in  the  first  titration. 

The  following  results  were  obtained,  the  oxidizing  power 
being  expressed  in  terms  of  cubic  centimeters  of  N/io  bichro- 
mate. The  ratio  given  in  the  tables  is  based  on  the  following 
considerations  :  In  the  iron  solution,  when  acidified,  the 
chromates  are  reduced  to  the  state  of  oxidation  represented 
by  the  oxide  CrgOj.  In  the  case  of  the  chromate  this  is  repre- 
sented by  2Cr03  »-*  Cr^Oj  +  3O.  If  the  state  of  oxidation  of 
the  chromium  in  the  blue  compound  corresponds  to  the  oxide 
Cr^O,  the  relation  would  be  : 

CrA     ^     CrA  +  40. 
The  ratio  of  the  available  oxygen  would  then  be  4  :  3. 

Table  I. 


I 
2 
3 
4 
5 

Mean,     4.065 

A  solution  of  potassium  hydroxide  in  ether  will  also  pre- 
cipitate the  potassium  salt,  and  determination  of  the  potas- 


Salt  solution. 

chromate  solution. 

Ratio. 

cc. 

cc. 

50.5 

39-5 

3.84  :  3 

27.4 

19.4 

4-24  :  3 

27.4 

19.9 

4-14  :  3 

34.1 

25.4 

403  :  3 

29.5 

21.75 

4-07  :  3 
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sium  chromate  ratio  was  made  upon  two  samples  of  the  par- 
tially dried  salt  so  prepared,  with  the  following  results.  The 
potassium  was  weighed  as  the  sulphate  and  the  chromium  as 
the  oxide  : 

Table  II. 

Salt.  Potassium.         Chromium.        Ratio  of  K  :  Cr. 

mg. 

1  122  24.6  34.4  I  :  1.38 

2  127  27.3  37.7  I  :  1.39 

Calculated  ratio,      i  :  1.33 

Wiede^  prepared,  in  the  same  way,  a  salt  very  similar  in 
appearance  to  the  one  under  investigation  and  ascribed  to  it 
the  formula  KCr05.H302.  He  also  prepared  his  salt  by  pre- 
cipitation of  the  blue  solution  with  an  alcoholic  solution  of 
potassium  cyanide.  In  this  salt  he  continually  found  the 
ratio  of  potassium  to  chromium  as  expressed  above,  but  the 
oxj'gen  values  were  higher  than  those  obtained  by  us.  He 
prepared  his  blue  solution  by  use  of  a  very  large  excess  of  hy- 
drogen peroxide,  250  cc.  of  a  10  per  cent  solution  with  10 
grams  of  chromic  anhydride. 

It  seemed  probable  that  the  difference  in  results  is  in  some 
way  connected  with  this  excess  of  hydrogen  peroxide.  To  test 
this  point  Wiede's  salt  was  prepared,  and  instead  of  using  his 
method  of  analysis  the  oxidizing  power  of  the  salt  was  deter- 
mined as  previously  outlined.  The  result  is  given  in  Table 
III.  The  blue  solution  was  then  prepared  without  excess  of 
hydrogen  peroxide,  and  the  additional  precaution  was  taken 
of  washing  the  solution  twice  with  a  chromic  acid  solution. 
The  results  in  this  case  are  given  in  Table  IV. 

Table  III. 


Salt. 

Chromate. 

Ratio 

.     1                    35-0 

22.9 

4-58  : 

3 

2                          26.5 

17.4 

4-57  : 

3 

3                   17-3 

II.4 

4-56  : 

3 

A  second  sample  : 

I                    37-3 

24.10 

4.66  : 

3 

2                    35-15 

22.11 

4-77  : 

3 

3                    29.85 

19.9 

4.49  : 

3 

1  Loc.  cit. 
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Table  IV. 

Salt. 

Chromate. 

Ratio. 

I 

16.9 

12.8 

3.96  :  3 

2 

II. I 

8.14 

3-96  :  3 

3 

16.2 

12.12 

3.98  :  3 

It  seems  possible  that  the  large  amounts  of  oxygen  indica- 
ted in  Table  III.  are  due  to  cryoscopic  hydrogen  peroxide  or 
to  the  formation  of  a  compound  of  another  series  (see  sum- 
mary at  close  of  article).  An  attempt  was  made  to  obtain  a 
complete  analysis  of  the  potassium  salt  by  the  following 
method.  Portions  of  the  same  sample  of  the  potassium  salt 
used  in  the  analyses  given  in  Table  IV.  were  dropped  into 
tubes,  the  lower,  closed  ends  of  which  were  surrounded  with 
solid  carbon  dioxide.  The  upper  ends  were  then  sealed  with 
a  blast-lamp.  Thus  enclosed,  the  substance  changes  quietly 
into  the  bichromate.  On  opening  these  tubes,  after  weigh- 
ing, considerable  gas  escaped  and  the  odor  of  ether  was 
plainly  noticeable.  Tubes  i  and  2  (see  Table  V.)  were 
opened  by  breaking  off  the  capillary  tips  by  means  of  an  iron 
rod  passing  through  the  stopper  of  a  U-tube  in  which  they 
were  successively  placed.  The  U-tube  was  immersed  in  a 
boiling  salt  solution  and  the  water  from  the  tubes  driven  over 
into  weighed  calcium  chloride  tubes  by  means  of  carbon  di- 
oxide. In  tubes  3  and  4  the  moisture  was  determined  by 
weighing  the  tubes  after  opening  and  again  after  heating  to 
140°  in  an  air-bath.  The  contents  of  each  tube  were 
washed  into  a  platinum  dish  and  titrated  with  the  iron  solu- 
tion, the  chromium  and  iron  precipitated,  and  the  potassium 
determined  as  the  sulphate.  The  chromium  precipitate  was 
fused  and  determined  as  usual.  The  results  follow.  The 
excess  of  potassium  in  i  and  2  over  that  required  for  the  bi- 
chromate is  probably  due  to  potassium  cyanide  or  to  potas- 
sium carbonate  contained  in  the  cyanide  used. 


Table  V. 

I. 

II. 

III. 

IV. 

70.5 
9.19 
4.11 

56.5 

57-9 
10.9 

2.9 
44.1 

4-3 

55-3 

49.17 

II. 6 

2.4 

35-7 

52.9 

40.5 

53-18 

33-19 

52.7 
17.1 

41.2 
14-3 

53-8 
14.1 

34-1 
8.84 
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Total  substance 
Weight  of  gas 
Weight  of  moisture 
Weight  of  solid  contents 
Weight  of  bichromate  (by 

titration) 
Weight  of  bichromate  (by 

fusion) 
Potassium  found 
Calculated  potassium  (from 

bichromate  found)  14.  i  10.7  14.3  8.89 

The  above  results  make  it  clear  that  the  substance  yields 
pure  potassium  bichromate  on  spontaneous  decomposition, 
and  that  the  potassium  and  chromium  are  present  in  the  same 
ratio  as  in  the  dichromate. 

The  Sodium  Salt. — In  the  attempt  to  prepare  the  sodium 
salt  in  the  same  way  as  the  potassium  the  difl&culty  was  en- 
countered that  the  compound  which  formed  was  closely  ad- 
herent to  the  sodium,  and  was  with  diflScultj'^  separated  from 
it.  Particles  of  sodium  caused  trouble  when  the  mass  was 
put  into  the  iron  solution.  The  sodium  salt  thus  prepared  is 
similar  in  appearance  to  the  potassium  salt,  but  appears  to 
decompose  more  easily,  and  at  temperatures  approaching  zero 
assumes  a  pasty  form.  Analysis  number  i,  given  in  Table 
VI.,  is  from  the  salt  thus  prepared. 

It  seemed  probable  that  the  substance  prepared  by  Patten* 
is  this  sodium  salt.  With  this  in  view  the  blue  ethereal  solu- 
tion was  prepared,  cooled  to  — 20°,  and  treated  with 
powdered  sodium  acetate.  A  purple  precipitate  was  formed 
mixed  with  the  excess  of  acetate.  The  supernatant  ether 
was  found  to  contain  acetic  acid.  It  was  shown  by  blank 
tests  that  the  excess  of  acetate  interfered  in  no  way  with  our 
method  of  analysis.  After  decanting  the  ether  and  washing 
thoroughly  with  cold  ether  until  the  residue  was  free  from  the 
blue  color,  samples  were  analyzed  with  results  appended  : 

1  Loc.  cit. 
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Table 

VI. 

Salt. 

Chromate.  . 

Ratio. 

I 

23-5 

18.2 

3.87  :3 

2 

32.0 

24.10 

4.10  :  3 

3 

30.0 

22.5 

4-0    :  3 

4 

47.8 

34-5 

4.16  :  3 

Mean,     4.01  :  3 

The  Ammonium  Salt. — An  ammonium  salt  was  prepared 
by  passing  gaseous  ammonia  into  the  blue  ethereal  solution 
cooled  to  about  — 40°.  It  is  probably  not  necessary  to 
work  at  such  a  low  temperature,  though  one  attempt  to  pre- 
pare the  salt  at  — 10°  was  without  result.  The  salt  is  a 
brownish-yellow,  and  on  analysis  gave  the  results  listed  in 
Table  VII.  No  attempt  has  yet  been  made  to  determine  its 
relation  to  the  salt  prepared  by  Wiede  and  assigned  the  for- 
mula (NHJjCrO, : 


Table  VII. 

Salt. 

Chromate. 

Ratio. 

I 

31-5 

23.0 

4. II  :  3 

2 

32.7 

23-7 

4-14  •■  3 

3. 

33-3 

24.12 

4-13  :  3 

Mean,     4.13  :  3 

Other  Salts. — By  using  the  acetates  of  lithium,  magnesium, 
calcium,  barium  and  zinc  in  the  same  way  as  in  the  case  of 
the  sodium,  the  corresponding  salts  of  these  metals  were  pre- 
pared. The  magnesium  and  zinc  salts  acted  only  slowly  upon 
the  blue  solution.  All  these  compounds  formed  a  chocolate- 
brown  slurry  with  the  excess  of  acetate  and  the  ether  used  in 
washing.  The  analyses  were  carried  out  as  in  the  other 
cases,  except  that  in  the  case  of  the  barium  salt  a  solution  of 
ferrous  chloride  was  used  as  a  reducing  agent,  and  the  solu- 
tion was  acidified  with  hydrochloric  acid.  All  these  com- 
pounds decomposed  at  the  room  temperature  with  the  evolu- 
tion of  gas  and  the  formation  of  yellow  chromates.  Table 
VIII.  contains  the  results  of  the  analyses  : 
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Table 

VIII. 

Lithium  salt. 

Chromate. 

Ratio 

I 

I0.7 

8.1 

3.98  : 

3 

2 

17.4 

12.7 

Mean, 

4.10  : 

3 

4.04  : 

3 

Magnesium  salt. 

Chromate. 

Ratio, 

I 

17.2 

I3-I 

3-94  : 

3 

Calcium  salt. 

Chromate. 

Ratio. 

I 

27.4 

19.5 

4.12  : 

3 

2 

25-3 

19-5 

3-94  : 

3 

3 

36.5 

27.5 

3.98  : 

3 

4 

36.5 

28.1 

Mean, 

3.83  : 

3 

3-97  : 

3 

Barium  salt. 

Chromate. 

Ratio. 

I 

24.1 

18. 1 

3-98  : 

3 

2 

25.3 

19-25 

Mean, 

3-94  : 

3 

3.96  : 

3 

Zinc  salt. 

Chromate. 

Ratio. 

I 

9.0 

6.5 

4-15  : 

3 

2 

10. 0 

7-4 

4-05  : 

3 

Mean,     4.10  :  3 

The  average  ratio  of  the  oxidizing  power  of  all  the  salts  to 
that  of  their  chromium  in  the  form  of  the  chromate  is  4.02  :  3. 

These  results  point  so  clearly  to  the  existence  in  the  blue 
solution  of  an  acid  of  the  composition  expressed  by  the  for- 
mula HCrO^  (or  more  probably  HjCr^Og),  that  it  was  of  in- 
terest to  study  the  decomposition  of  the  blue  compound  in 
the  presence  of  alkalies. 

The  blue  solution,  prepared  as  in  the  previous  experiments, 
was  divided  into  four  50-cc.  portions.  One  of  these  was 
evaporated  to  dryness  in  a  platinum  dish  and  the  residue 
ignited  and  weighed  as  chromium  oxide.  The  second  and 
third  were  each  placed  in  250  cc.  of  recently  boiled  ice-cold 
water  containing  50  cc.  of  the  standard  iron  solution  and 
shaken  vigorously  in  a  separatory  funnel  and  the  oxidizing 
power  determined. 
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It  was  found  that  the  ether  interfered  somewhat  with  the 
titration,  by  reason  of  surface  phenomena,  and  hence  a  slight 
excess  of  the  bichromate  was  added,  and  the  solution  boiled 
and  cooled  before  completing  the  titration.  The  chromium 
was  precipitated,  fused,  and  redetermined  as  before.  The 
fourth  portion  was  placed  in  a  Lunge  nitrometer  (capacity 
150  cc.)  with  60  cc.  of  dilute  caustic  soda,  confined  over  mer- 
cury. After  decomposition  was  complete  the  oxygen  was  de- 
termined by  absorption  in  pyrogallol,  after  removal  of  the 
ether  vapor.  The  alkaline  solution  was  titrated  against  fer- 
rous iron.  Since  several  observers  have  shown,  and  as  our  own 
experience  also  shows,  that  there  is  a  slight  reduction  below 
the  bichromate  stage  of  oxidation  under  these  conditions,  the 
chromium  was  reprecipitated  and  again  determined  after 
fusion.     The  results  are  given  in  Table  IX. 

Table  IX. 

1  Cr^Oj  found  0.0738  gram,  equivalent  to  29.10 
cc.  N/io  bichromate. 

Blue  solution.  Chromate.  Ratio. 

2  40.1  30-4  3-96  :  3 

3  39-6  29.166  4.01  :  3 

4  Volume  of  oxygen  (corr.)  6.5  cc,  equivalent 
to  II. 61  cc.  N/io  bichromate. 

The  alkaline  solution  was  found  equivalent  in  oxidizing 
power  to  27.5  cc.  bichromate  and  after  fusion  to  29.5400. 

From  the  literature  it  appears  that  most  of  those  who  have 
worked  upon  this  solution  have  used  a  large  excess  of  hydro- 
gen peroxide  over  that  needed  to  effect  the  state  of  oxidation 
here  indicated.  It  was  then  of  interest  to  see  if  the  presence 
of  a  known  excess  of  hydrogen  peroxide  would  affect  the 
nature  of  the  blue  solution. 

The  solution  was  prepared  as  before  and  afterward 
shaken  with  an  excess  of  2.5  per  cent  hydrogen  peroxide 
The  aqueous  layer  was  separated,  but  the  ether  portion  was 
not  dehydrated.  Portions  of  this  solution  were  then  analyzed 
as  before.  Fifty  cc.  of  it  contained  0.0682  gram  of  chromic 
oxide  corresponding  to  26.88  cc.  N/io  bichromate.  A  second 
portion  of  50  cc,  decomposed  in  the  nitrometer  as  before, 
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gave  10.05  cc.  oxygen,  equivalent  to  17.96  cc.  bichromate, 
while  the  re-fusion  of  the  precipitated  chromate  showed  itself 
equivalent  to  22.1  cc.  Hence  the  ratio  of  the  oxidizing 
power  of  the  blue  solution  to  its  equivalent  chromate  is  as 
5.44:3,  A  50  cc.  portion  of  the  solution,  titrated  directly 
against  the  iron  in  the  former  manner,  gave  as  the  oxidizing 
power  62.9  cc,  and  in  the  form  of  the  chromate  a  value  of 
29.3  cc. — a  ratio  of  6.4  :  3. 

Attention  is  again  called  to  the  fact  that  this  solution  was 
not  dehydrated,  as  that  fact  has  perhaps  a  bearing  on  the 
question  referred  to  in  paragraph  3  of  the  summary. 

Summary  and  Conclusions. 

1 .  The  experimental  portion  of  this  paper  shows  conclu- 
sively the  existence  of  the  perchromates  and  that  they  have 
the  general  formula  MCrO^,  or  MjCr^Og.  The  latter  formula 
is  perhaps  more  probable  by  reason  of  the  analogous  persul- 
phates. 

2.  The  blue  solution,  prepared  without  excess  of  hydrogen 
peroxide,  contains  the  acid  corresponding  to  these  salts,  i.  <?., 
H^Cr.O^. 

3.  The  results  obtained  by  Moissan,  Pechard,  and  by  us 
when  using  a  solution  prepared  with  an  excess  of  hydrogen 
peroxide  all  point  to  the  probable  existence  of  another  com- 
pound possessing  higher  oxidizing  capacity.  Whether  this  be 
true  or  not  is  a  problem  for  which  it  is  our  hope  to  find  the 
solution. 

We  are  continuing  this  work  and  hope  to  be  able  to  pre- 
pare other  salts  of  this  acid  and  to  ascertain  the  relation  of 
the  acid  and  its  salts  to  the  other  possible  acids  of  chromium 
and  its  allied  elements. 


OBITUARY. 

AIvEXANDER  WIL,LIAM  WILI.IAMSON. 

The  death  of  Professor  Williamson,  1,1^. D.,  F.R.S.,  on 
May  6th,  removes  one  of  the  few  remaining  chemists  on  whose 
work  the  modern  ideas  of  the  science  are  based.     Williamson 
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was  born  May  i,  1824,  and  had,  therefore,  just  completed  his 
eightieth  year.  After  private  preparation,  he  studied  at  the 
Universities  of  Heidelberg  and  Giessen,  under  Gmelin  and 
Liebig,  and  afterwards  for  three  years  in  Paris,  working  at 
the  higher  mathematics.  In  1849  he  was  appointed  Professor 
of  Practical  Chemistry  at  University  College,  London,  with 
which  institution  he  remained  connected  until  his  retirement, 
in  1887.  Williamson's  name  will  always  be  known  in  the 
history  of  chemistry  on  account  of  his  work  on  etherification, 
1850-1854.  He  showed  quite  clearly,  and  for  the  first  time, 
the  true  relationship  of  the  alcohols,  ethers,  and  allied  bodies 
to  water,  and  formulated  them  on  the  "  water  type."  This, 
and  the  subsequent  proof  afforded  by  Hofmann,  that  the  amines 
belong  to  the  "  ammonia  type"  paved  the  way  for  the 
more  general  conceptions  of  valency.  Williamson  was  also 
the  first  to  suggest  that  there  is  a  continuous  process  of  inter- 
change going  on  among  the  atoms  composing  the  molecules 
of  compounds. 

CORNEI.IS  ADRIAAN  LOBRY  DE  BRUYN. 

C.  A.  IvObry  de  Bruyn  was  born  January  i,  1857,  at  Leen- 
warden,  and  died  July  23rd,  aged  forty-seven  years, 
lyobry  de  Bruyn  studied  at  the  University  of  lyeiden,  where 
he  was  assistant  to  Franchimont,  and  subsequently  in  Paris, 
under  Wiirtz.  In  1885  he  was  appointed  chemist  in  the 
Dutch  Marine  Service,  and  in  1896  succeeded  Gunning  as 
professor  at  the  University  of  Amsterdam.  The  work  of 
L/obry  de  Bruyn  which  has  attracted  most  attention  is  proba- 
bly his  isolation  of  free  hydroxylamine  in  1891,  and  of  hydra- 
zine in  1894.  Both  preparations  depend  on  the  use  of  methyl 
alcohol  as  solvent,  and  he  studied  its  action  on  a  number  of 
other  substances.  A  considerable  portion  of  his  activity  was 
given  to  the  investigation  of  the  dinitrobenzenes,  and  he  de- 
voted much  time  to  a  study  of  the  action  of  ammonia  and  di- 
lute alkalies  on  the  sugars.  Good  work  was  also  done  by 
him  in  analytical  chemistry,  and,  during  the  later  years  of  his 
life,  he  applied  himself  with  increasing  intensity  to  the  solu- 
tion of  problems  of  general  physical  chemistry.  He  was 
elected  a  "  Foreign  Member"  of  the  Chemical  Society  of 
London  in  the  earlier  part  of  the  present  year. 


REVIEWS. 

Die  Chemie  der  Zuckerarten.  Von  Prof.  Dr.  Edmund  O.  von 
LiPPM.\NN,  Direktor  der  Zuckerraffinerie  Halle  zu  Halle  a.  S.  Dritte 
vollig  umgearbeitete  Auflage.  Braunschweig  :  Druck  und  Verlag 
von  Friedrich  Vieweg  und  Sohn.     1904. 

The  third  edition  of  this  comprehensive  w^ork  brings  the 
record  of  investigations  up  to  February,  1904.  It  comprises 
in  two  "  half"  volumes  19 12  pages  of  text,  39  pages  of  names 
of  authors  cited,  and  50  pages  of  subject-index.  The  work 
is  dedicated  to  the  memory  of  Victor  Meyer,  the  early  teacher 
and  later  friend  of  the  author. 

The  compilation  of  such  a  voluminous  work  requires  an 
amount  of  labor  almost  appalling,  which  the  author  has  in- 
dicated by  a  quotation  from  the  "  Carmina  burana"  of  the 
thirteenth  century  : 

"  Et  ut  opus  faciant 
Quod  non  possit  mori, 
Moriuntur  studio, 
Subditi  labori." 

Happily,  however,  for  the  good  of  science  this  stupendous 
work  has  not  exhausted  his  activities. 

This  book  contains  in  compact  form,  logically  arranged, 
practically  everything  that  is  known  concerning  the  chemis- 
try of  the  sugars.  The  author  has  also  given  all  the  rela- 
tions of  the  sugars  of  a  chemical,  physical,  and  physiological 
character,  as  well  as  their  significance  for  technology,  agri- 
cultural chemistry,  and  food  chemistry.  The  greatest  possi- 
ble brevity,  consistent  with  exactness,  completeness,  and 
clearness  of  arrangement  characterizes  the  work  throughout. 

In  the  logical  arrangement  of  the  work,  the  monosaccharides 
are  the  first  treated,  and  the  first  "half"  volume,  of  1034 
pages,  is  given  up  entirely  to  their  study. 

The  second  "  half"  volume  treats  of  the  sugars  which  are 
of  the  most  economic  and  technical  importance.  Naturally, 
the  chapter  on  sucrose  or  cane-sugar  is  the  one  which  will 
attract  the  greatest  attention  in  industrial  quarters.  This 
chapter  comprises  388  pages. 

Among  the  disaccharides  maltose  occupies  the  most  promi- 
nent position,  and  64  pages  are  given  to  the  subject. 

The  trisaccharides  occupy  50  pages  and  raffinose,  naturally, 
is  the  most  important  of  them  from  the  point  of  view  of  applied 
chemistry. 

The  tetrasaccharides  comprise,  at  the  present  time,  only  two, 
of  which  the  more  important  is  stachyose. 
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From  the  purely  chemical  standpoint,  the  fifth  subdivi- 
sion of  the  work  is  the  most  interesting.  It  treats  of  the  con- 
struction, configuration,  and  synthesis  of  the  sugars.  In  this 
division  the  remarkable  work  of  the  past  few  years  in  the 
synthesis  of  carbohydrates  is  intelligently  set  forth. 

After  the  foregoing  description  of  the  character  of  the  work 
it  hardly  need  be  said  that  this  is  a  volume  which  no  chemist 
interested  in  physiological  or  nutrition  investigations  can  well 
do  without.  Those  interested  in  theoretical  study  will  also 
find  the  work  of  unusual  significance,  inasmuch  as  it  sets 
forth  the  various  theories  which  have  been  proposed  in  regard 
to  the  construction  and  relation  of  sugars  in  a  clear  and  satis- 
factory manner. 

A  mere  glance  at  the  contents  of  the  work  shows,  more  than 
any  words  can,  the  immense  strides  which  have  been  made  in 
chemical  investigations  of  this  character  in  the  past  quarter 
of  a  century. 

It  is  evident  that  the  only  method  possible  to  keep  chemists 
informed  of  the  progress  of  their  science  is  in  the  devoted 
work  of  specialists  in  bringing  into  comprehensive  form  all 
that  is  known  of  the  subject  under  study. 

If  the  chemistry  of  the  sugars,  arranged  in  the  briefest  pos- 
sible statement  of  our  knowledge,  forms  a  volume  of  2000 
pages  it  is  evident  that,  in  its  advance,  the  science  of  chemis- 
try has  outstripped  the  possibility  of  being  known  by  any  one 
human  mind. 

The  author  himself  regrets  the  incompleteness  of  his  work 
and  the  possibility  of  errors  which  may  be  therein  contained. 
It  was  impossible  to  repeat  even  a  small  part  of  the  experi- 
ments described  by  others,  and  in  accepting  the  statements  of 
their  work  and  its  conclusions  he  realizes  that  many  inaccura- 
cies may  have  crept  into  the  book.  This  fault  is  fully  recog- 
nized in  the  quotation  he  makes  from  lyaRochefoucauld  : 

"  Pour  bien  savoir  les  choses  il  en  faut  savoir  le  detail  ;  et 
comme  il  est  presque  infini,  nos  connaissances  sont  toujours 
superficielles  et  imparfaites."  h.  w.  w. 

ANAI.YSE  DES  MaTI^RES  Ai^IMENTARIES  ET  RECHERCHE  DE  LEURS 
Falsifications.  Par  M.  Ch.  Girard,  Director  du  Laboratoire 
Municipal  de  Paris.  Deuxieme  Bdition  Tres  Augmentde.  Paris  : 
Vve.  Ch.  Dunod,  Editeur.  1904.  (Compiled  under  the  direction 
of  M.  Chas.  Girard  by  his  assistants  in  the  Municipal  Laboratory.) 

This  is  a  volume  of  849  pages  devoted  to  the  analysis  of 
food- stuffs  and  methods  of  determining  their  adulterations. 
This  work  is  largely  the  result  of  the  experience  of  M.  Chas. 
Girard,  the  director  of  the  Municipal  Ivaboratory  of  Paris. 
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A  recognition  of  the  food  value  of  potable  waters  is  found 
in  the  first  part  of  the  book,  and  80  pages  are  devoted  to  that 
subject.  The  examinations  described  are  bacteriological  and 
chemical,  giving  in  condensed  form  the  methods  of  procedure 
in  both  cases.  An  interesting  matter  connected  with  the 
study  of  waters  is  the  municipal  ordinance  in  regard  to  the 
manufacture  of  ice  for  consumption.  The  first  article  of  this 
ordinance  forbids  the  manufacturer  or  storekeeper  to  sell,  or 
place  on  sale  for  alimentary  purposes,  ice  which  does  not  give, 
by  melting,  potable  water,  that  is,  water  fit  for  drinking  both 
from  the  standpoint  of  the  bacteria  which  it  contains  and  its 
chemical  composition. 

The  chapter  on  wines  is  naturally  one  of  the  most  impor- 
tant in  the  book.  It  extends  from  page  81  to  205,  inclusive, 
and  is  written  by  M,  Sangle  Ferriere.  In  this  chapter  the 
mean  composition  of  the  leading  varieties  of  French  and  for- 
eign wines  is  given.  The  red  wines  of  the  Gironde,  which  is 
the  most  important  of  the  wine-producing  provinces,  contain 
a  mean  percentage  of  alcohol,  by  volume,  of  9.6.  The  white 
wines  of  the  same  class  have  a  mean  content  of  alcohol  by 
volume  of  10.  i  per  cent.  The  various  forms  of  adulteration 
of  wines  are  described.  They  consist  chiefly  in  the  adding 
of  sugar  to  the  musts  deficient  in  saccharine  matter,  and  in 
the  mixing  of  wines  made  from  pomace,  to  which  sugar  has 
also  been  added,  with  genuine  wines.  The  different  meth- 
ods of  treating  wine  are  defined  in  full.  Of  special  interest 
in  this  connection  is  the  employment  of  fumes  of  sulphur  to 
aid  in  the  conservation  of  wine  and  in  the  clearing  of  white 
wines.  The  process  of  stopping  the  fermentation  in  wines  is 
technically  called  "mutage,"  and  the  substances  which  are 
most  employed  in  this  process  are  sulphurous  acid,  alcohol, 
and  salicylic  acid.  It  is  stated  that  the  sulphurous  acid  used 
is  obtained  by  burning  sulphur  matches,  by  the  addition  of 
alkaline  bisulphites,  or  by  the  use  of  an  aqueous  solution  of 
sulphurous  acid.  The  Consulting  Committee  of  Hygiene  of 
France  has  condemned  the  practice  of  using  salicylic  acid  in 
the  above  process,  but  condones  this  of  sulphurous  acid. 
Just  why  that  distinction  has  been  made  does  not  appear  clear 
from  a  hygienic  point  of  view. 

The  article  on  the  analysis  of  wines  is  written  by  M. 
Truchon  and  is  an  excellent  summary  of  the  processes  now  in 
use,  many  of  which  were  devised  or  improved  in  the  Munici- 
pal L^aboratory. 

The  article  on  beer,  extending  from  page  207  to  242,  inclu- 
sive, is  written  by  M.  J.  de  Brevans.     The  definition  of  purity 
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is  as  follows  :  "  Beer  is  an  alcoholic  drink  obtained  by  the 
fermentation  of  infusions  or  decoctions-  of  germinated  barley- 
flavored  with  hops."  This  definition  excludes  from  the  class 
of  pure  beer  those  varieties  made  by  the  fermentation  of  other 
cereal  grains  or  of  brewing  sugars. 

The  chapter  on  cider  is  written  by  M.  Sangle  Ferriere,  and 
extends  from  page  243  to  262,  inclusive.  This  article  is  of 
especial  interest  on  account  of  the  importance  of  the  cider  in- 
dustry in  Normandy  and  other  parts  of  France.  The  article 
on  vinegar  extends  from  page  263  to  278,  inclusive,  and  is 
also  written  by  M.  Sangle  Ferriere.  Vinegar  is  defined  as  a 
product  of  the  acetic  fermentation  of  wine,  or  of  any  other 
alcoholic  liquor.  The  word  "  vinegar,"  used  in  its  strictly 
etymologic  sense,  can  only  be  regarded  as  a  product  of  the 
acetoiis  fermentation  of  wine.  Vinegar  made  from  other 
sources,  therefore,  should  be  named  to  define  their  origin, 
namely,  cider  vinegar,  malt  vinegar,  spirit  vinegar,  etc. 
Methods  describing  the  technical  and  the  analytical  processes 
are  complete  and  satisfactory. 

The  article  on  alcohol  and  spirits  extends  from  page  279  to 
352,  inclusive,  and  is  written  by  M.  A.  Saglier.  The  article 
opens  with  a  brief  historical  sketch  and  afterwards  a  descrip- 
tion of  the  different  kinds  of  spirits  in  common  use  in  France. 
Naturally,  the  most  important  of  these  beverages  is  brandy. 
The  methods  for  the  determination  of  the  higher  alcohols  and 
the  ethereal  and  aldehydic  bodies  derived  therefrom  during 
the  aging  of  the  brandy,  are  of  particular  value,  and  especially 
useful  in  this  country  in  determining  the  purity  of  imported 
articles  of  this  class. 

The  article  on  milk  extends  from  page  353  to  399,  inclu- 
sive ;  that  on  butter  from  page  401  to  438,  inclusive  ;  and 
the  one  on  cheese  from  page  439  to  448,  inclusive  ;  all  are  by 
M.  Ladan  Bockairy.  It  is  a  remarkable  fact  that  the  quick 
commercial  method  of  determining  butter-fat  in  milk,  devised 
by  Babcock,  which  is  entirely  satisfactory  for  all  ordinary 
purposes,  is  not  even  mentioned  in  this  chapter. 

Shorter  articles  on  edible  oils,  lard,  tallow,  meats,  cereals, 
fruits,  coffee,  tea,  cocoa,  chocolate,  sugars,  syrups,  confec- 
tions, preserves,  spices,  and  coloring-matters  are  given  on  the 
same  general  plan  as  mentioned  above.  The  analytical  and 
technical  discussions  are  quite  full  on  all  of  these  subjects, 
and  in  the  main  the  methods  of  analysis  described  are  those 
of  most  modern  use  and  commonly  employed  in  this  country. 
In  many  cases,  however,  many  changes  in  analytical  methods, 
improvements,  and  even  new  methods  developed  in  the  Munici- 
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pal  Laboratory  are  given  in  full.  It  is  these  parts  of  the 
analytical  descriptions  which  will  be  found  of  most  value  to 
American  readers. 

The  final  chapter  on  the  composition  of  playthings  and  the 
danger  of  poisoning  the  children  therefrom,  is  written  by  M. 
Girard  himself. 

The  work  can  be  highly  commended  as  of  great  value  to 
all  chemists  engaged  in  the  stud}'  of  foods  and  the  detection 
of  adulterants  therein,  and  in  the  execution  of  food  laws. 

H.  w.  w. 

Die  Riechstoffb.  Von  Dr.  Georg  Cohn  in  Gorlitz  (Zugleich  als  VI ' 
Band,  2  Gruppe.  II.  Abtheilung  von  Bolley-Eriglers  Haudbuch 
der  chemischen  Technologic).  Braunschweig;  Druck  und  Verlag 
von  Friedrich  Vieweg  und  Sohn.     1904.     220  pp.     Price,  6  marks. 

The  meaning  of  the  word  "  Riechstoff"  is  given  by  the 
author  as  follows  :  "  Ich  nenne  Riechstoffe  natiirlich  vor- 
kommendeoder  kiinstlich  gewonnene,  bei  gewohnlicher  Tem- 
peratur  fliichtige,  chemisch  einheitliche  Korper,  die  vermoge 
ihres  Geruches  einer  Anwendung  im  Haushalte  des  Menschen 
fahig  sind.  Riechstoffe  im  engeren  Sinne  sollen  ausserdem 
die  Eigenschaft  haben,  fiir  den  gebildeten  normalen 
Menschen  wohlriechend  zu  sein." 

Nitrobenzene,  discovered  by  Mitscherlich  in  1834,  is  the 
first  artificially  prepared  substance  that  came  into  use  for  the 
purpose  of  perfumery.  Collas  introduced  it  into  commerce 
under  the  name  "essence  of  mirbane,"  and  in  1847  Mansfield 
prepared  it  by  nitrating  the  benzene  from  coal-tar.  About 
the  year  1850  the  esters  of  organic  acids  appeared  on  the 
English  market  as  apple-oil,  pear-oil,  etc.  In  1844  Cahours 
showed  that  methyl  salicylate  is  the  chief  constituent  of  the 
oil  of  wintergreen.  In  1868  Cahours  discovered  the  prepara- 
tion of  benzoic  aldehyde  from  benzal  chloride.  In  1875 
coumarin  was  obtained  synthetically  by  Perkin,  and  vanillin 
by  Haarmann,  and  in  1888  "  artificial  musk"  by  Baur. 

This  book  is  of  interest  to  the  chemist,  as  it  contains  much 
valuable  information  and  is  suggestive.  It  deals  with  the 
literature  of  the  subject,  its  histor3%  the  occurrence  of  the 
"  Riechstoffe"  in  Nature,  their  preparation,  their  physical 
properties,  their  chemical  conduct,  and  relations  between  odor 
and  chemical  constitution,  the  quantitative  estimation  of  the 
"  Riechstoffe,"  their  physiological  conduct,  and  their  uses. 

The  author  is  of  the  opinion  that  the  use  of  odoriferous 
substances  will  keep  pace  with  the  development  of  the  indus- 
try, as  has  been  the  case  with  artificial  dyes.  "Perhaps," 
he  says,  "  the  maiden  of  the  future  will  consider  whether  she 
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shall  wear  her  ionone  or  her  geraniol  gown."  It  is  to  be 
hoped  that  she  will  not  consider  artificial  or  natural  musk  as 
desirable  under  any  circumstances.  i.  R. 

A  Compendium  of  Chemistry,  including  General,  Inorganic,  and 
Organic  Chemistry.  By  Dr.  Carl  Arnold,  Professor  of  Chemistry 
in  the  Royal  Veterinary  School  of  Hanover.  Authorized  translation 
from  the  eleventh  enlarged  and  revised  German  edition  by  John 
A.  Mandel,  Sc.D.,  Professor  of  Chemistry,  Physics,  and  Physio- 
logical Chemistry  in  the  University  and  Bellevue  Hospital  Medical 
College.  First  edition,  first  thousand.  New  York:  John  Wiley  & 
Sons  ;  London  :  Chapman  &  Hall,  Limited.     1904. 

It  is  to  be  expected  that  a  book  which  has  gone  through 
eleven  German  editions  will  be  worth  translating  into  Eng- 
lish. A  great  many  useful  facts  and  a  large  amount  of  chem- 
ical information  are  crowded  into  its  pages,  so  that  it  may 
well  serve  as  a  convenient  handbook  for  students  and  others 
who  are  unable  to  obtain  larger  works.  In  the  opinion  of  the 
reviewer,  it  excels  in  this  respect  rather  than  as  a  text-book. 
It  is  evident  that  a  book  of  less  than  600  pages,  which  covers 
the  ground  of  general,  inorganic,  and  organic  chemistry  must 
be  greatly  condensed,  and  can  devote  but  little  space  to  the 
fundamental  theories  and  generalizations  of  chemistry,  and 
still  less  to  the  hundreds  of  substances  mentioned.  There  are 
no  descriptions  of  experiments,  though  under  each  element 
are  given  the  principal  tests  for  it. 

The  book  is  undoubtedly  reliable  in  statement,  and  it  con- 
tains an  excellent  index.  c.  E.  w. 
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A  STUDY  OF  THE  CONDUCTIVITIES  OF  CERTAIN 

ELECTROLYTES    IN  WATER,    METHYL   AND 

ETHYL  ALCOHOLS,  AND  MIXTURES  OF 

THESE      SOLVENTS RELATION 

BETWEEN     CONDUCTIVITY 
AND  VISCOSITY. 

By  Harry  C.  Jones  and  Charles  G.  Carroll. 
INTRODUCTION  AND  HISTORICAL  REVIEW. 

Prior  to  the  proposal  of  the  theory  of  electrolytic  dissocia- 
tion by  Arrhenius,  a  number  of  investigations  were  carried 
out  in  which  the  conductivities  of  non-aqueous  solutions  were 
studied.  Since  the  proposal  of  the  theory  there  has  been  a 
still  greater  number  of  similar  investigations.  These  are  par- 
ticularly interesting  in  the  light  of  certain  hypotheses  as  to 
the  cause  of  the  dissociating  powder  of  a  solvent.  To  these 
hypotheses,  and  to  some  of  the  work  in  non-aqueous  solvents, 
reference  will  be  made  in  another  part  of  this  paper. 

Much  less  has  been  done  on  conductivities  in  mixtures  of 
solvents.  A  brief  review  of  what  has  been  accomplished  in 
this  field  is  given  below. 

Lenz^  measured  the  conductivities  of  various  salts,  potas- 

>  Mem.  de.  I'Acad.  de  St.  Petersbourg,  7,  30  (1881). 
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sium  iodide,  bromide,  and  chloride,  sodium  chloride,  etc.,  in 
mixtures  of  methyl  and  ethyl  alcohols  and  water. 

He  found  that  in  certain  cases  the  relative  resistances  can 
be  obtained  from  the  equation 

r  =  ICG  (i  4"  bv'), 

where  loo  is  taken  as  the  resistance  of  an  aqueous  solution  of 
the  same  per  cent,  v  is  the  volume  per  cent  of  alcohol,  and  d, 
a  constant.  The  formula  holds  best  for  the  mixtures  of 
methyl  alcohol  and  water. 

Stephan^  studied  the  conductivities  of  dilute  solutions  of 
sodium,  potassium,  and  lithium  chlorides,  and  sodium  and 
potassium  iodides  in  mixtures  of  ethyl  alcohol  and  water. 
His  investigation  will  be  given  a  more  detailed  consideration 
in  the  second  part  of  this  paper. 

Kablukoff'  determined  the  conductivity  of  hydrochloric  acid 
in  ethyl  alcohol  containing  varying  amounts  of  water. 

Arrhenius^  investigated  the  changes  in  the  conductivity  of 
aqueous  solutions  resulting  from  the  addition  to  them  of 
small  quantities  (less  than  lo  per  cent  by  volume)  of  non- 
electrolytes,  such  as  methyl  or  ethyl  alcohols,  cane-sugar, 
acetone,  etc.  He  found  that  the  changes  could  be  expressed 
by  the  empirical  formula. 


'=<■+:.)• 


where  /  is  the  conductivity  in  water,  /„  that  in  the  mixture,  x 
the  volume  per  cent  of  added  non-electrolyte,  and  a  a  con- 
stant peculiar  to  each  non-electrolyte.  Where  two  non-elec- 
trolytes were  added  a  similar  empirical  formula  was  found  to 
hold.  The  coefficient  oc  differs  not  only  for  different  non- 
electrolytes  and  different  electrolytes,  but  varies  also  with  con- 
centration, and   is  greatest  when  dissociation  is  least. 

Arrhenius  concludes  that  the  amount  of  dissociation  is  not 
appreciably  changed  by  addition  of  small  quantities  of  non- 
electrolytes.  This  follows  from  the  fact  that  the  alteration  in 
conductivity  is   independent  of  the  concentration.     Further, 

'  Wied.  Anu.,  17,  673  (1S82). 

2  Ztschr.  phys.  Chem.,  4,  432  (1889). 

3  Ibid.,  9,  4S7  (1892). 
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he  found  that  the  velocity  of  inversion  of  cane-sugar  is  not 
appreciably  influenced  by  addition  of  small  amounts  of  non- 
electrolytes. 

Holland^  worked  in  the  same  field  as  did  Arrhenius.  His 
results  will  be  referred  to  again.  Strindberg^  repeated  and 
confirmed  some  of  Arrhenius'  {loc.  cit.)  work. 

Wakeraan'  measured  the  conductivities  of  various  electro- 
lytes :  Sodium  and  potassium  chlorides,  hydrochloric  acid, 
and  numerous  organic  acids,  in  mixtures  of  ethyl  alcohol  and 
water  (containing  10,  20,  30,  40,  and  50  per  cent  of  alcohol). 

For  the  cases  studied,  the  equation 

A 

— ~  =  const. 

p{\oo—p) 

was  found  to  hold,  where  A  is  the  difference  between  the  con- 
ductivity of  the  electrolyte  in  water  and  in  the  mixture  re- 
spectively, and  p  is  the  per  cent  of  alcohol  by  volume. 

Schall*  determined  the  conductivities  of  picric  acid  in  aque- 
ous alcohol. 

Zelinsky  and  Krapiwin*  studied  the  conductivities  of  sodium 
and  ammonium  iodides  and  bromides  in  water,  methyl  alco- 
hol, and  a  mixture  of  the  two  containing  50  per  cent  of  water 
by  weight,  for  dilutions  from  z/  =:  16  to  z/  =  1024. 

Here  a  striking  phenomenon  was  observed.  The  conduc- 
tivities in  the  50  per  cent  mixture  were  found  to  be  decidedly 
less  than  the  corresponding  conductivities  in  the  pure  sol- 
vents. This  minimum  is  best  seen  when  the  results  are 
plotted  as  curves,  with  the  conductivities  as  ordinates  and 
the  composition  of  the  mixture  as  abscissae. 

Cohen"  observed  the  minimum  in  the  case  of  potassium 
iodide.  He  made  a  study  of  the  conductivity  of  potassium 
iodide  in  mixtures  of  ethyl  alcohol  and  water  (containing  20, 
40,  60,  80,  and  99  per  cent  alcohol).  The  dilutions  ranged 
from  z;r=  64  to  t;=  2048.  The  minimum  manifested  it.self  in 
the  80  per  cent  mixture  from  z'  =:  512. 

1  Wied.  Ann.,  50,  261  (1893). 

-  Ztschr.  phys.  Cheni.,  14,  161  (1894). 

^  Ibid.,  II,  49  (1S93J. 

*  Ibid.,  14,  701  (1894). 

^  Ibid.,  21,  35  (1896). 

«/d7rf.,25,3i  (189S). 
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From  his  own  observations,  and  from  those  of  Wakeman 
(Joe.  cit,'),  he  concludes  that  the  relation 

— TTTTTy —  =  constant 
//^jO.Alc. 

holds,  being  independent  of  both  temperature  and  concentra- 
tion ;  that  is,  the  conductivities  compared  are  approaching 
a  limiting  value  at  the  same  rate,  and  either  the  dissociation 
is  the  same,  in  the  case  compared,  or,  for  mixtures  of 
alcohol  and  water,  conductivity  is  not  a  direct  measure  of 
dissociation.     Cohen  is  inclined  to  the  latter  view. 

Walker  and  Hambly^  studied  the  conductivity  of  diethyl- 
ammonium  hydrochloride  in  mixtures  of  water  and  ethyl 
alcohol. 

Hantzsch^  made  interesting  applications  of  results  obtained 
by  studying  conductivities  in  various  mixtures. 

Tijmstra''  investigated  the  conductivities  of  solutions  ob- 
tained by  the  action  of  mixtures  of  methyl  or  ethyl  alcohol 
and  water  on  sodium.  In  the  case  of  the  mixtures  of  methyl 
alcohol  and  water  the  minimum  was  observed. 

Roth*  made  a  careful  study  of  the  conductivity  of  potassium 
chloride  in  mixtures  of  ethyl  alcohol  and  water  containing  8 
and  20  per  cent  alcohol  by  weight.  He  found  that  the  rela- 
tion given  by  Wakeman  {loc.  cit.)  holds,  but  that  this  was 
not  the  case  with  Cohen's  {loc.  cit.).     The  quotient 


yw^H^O.Alc. 

was  found  to  decrease  with  increasing  dilution,  and  with  in- 
crease of  the  amount  of  alcohol  in  the  mixture.  This,  Roth 
thinks,  may  indicate  a  decrease  in  dissociation.  The  rela- 
tion given  by  Arrhenius  (loc.  cit.)  was  also  found  to  be  valid. 
The  work  of  Wolf^  and  of  Rudorf"  needs  no  consideration 
here. 

1  J.  Chem.  Soc,  71,  5i  (1899). 

2  Ztschr.  anorg.  Chem.,  25,  332  (1900)  ;  Ber.  d.  chem.  Ges.,  35,  looi  (1902). 
5  Proc.  Kon.  Akad.  te  Amsterdam,  1903,  p.  104. 

♦  Ztschr   phys.  Chem.,  42,  209  (1903). 
^  Ibid.,  40,  222  (1902). 
^  Ibid.,  43,  257  (1903). 


Relation  betzveeyi  Conductivity  and  Viscosity.  525 

Jones  and  Lindsay'  extended  the  work  of  Zelinsky  and 
Krapiwin,  and  of  Cohen.  The  solvents  used  were  water, 
methyl,  ethyl,  and  isopropyl  alcohols,  and  binary  mixtures  of 
these  liquids.  The  salts  employed  were  potassium,  cad- 
mium and  strontium  iodides,  ammonium  bromide,  and  lithium 
nitrate.  One  result  of  Jones  and  Lindsay's  work  was  to  show 
that  the  minimum  is  more  or  less  general.  Jones  and  Lindsay 
worked  at  two  temperatures,  0°  and  25°,  and  showed  that  in 
some  cases,  though  the  minimum  does  not  occur  at  the  higher 
temperature,  it  does  occur  at  the  lower  one.  They  also  showed 
that  the  effect  of  variation  of  temperature  upon  the  minimum 
is  to  shift  it  toward  a  mixture  containing  a  larger  per  cent  of 
alcohol  as  the  temperature  rises. 

The  first  part  of  this  work  is  a  continuation  of  the  investi- 
gation of  Jones  and  Lindsay. 

PART  I. 

EXPERIMENTAL  WORK. 

Apparatus. 

The  Kohlrausch  method  of  measuring  conductivity  was 
used  throughout  this  investigation.  The  bridge- wire  was  of 
"  manganin."  The  resistance  coils,  manufactured  by  Leeds 
&  Co.,  were  found  to  be  accurate  to  within  0.04  per 
cent.  The  conductivity  cells  were  of  the  form  used  by  Jones 
and  Lindsay.  The  constants  of  these  were  determined  by 
means  of  N/50  and  N/500  solutions  of  potassium  chloride. 
Cells  used  to  determine  conductivities  of  the  solvent  and  of 
highly  diluted  solutions  were  treated  in  the  manner  recom- 
mended by  Whetham.^  The  electrodes  were  first  coated  with 
platinum  black  in  the  usual  manner,  and  were  afterwards 
heated  to  a  high  temperature  in  the  flame  of  a  blast-lamp. 
It  was  found,  as  Whetham  states,  that  the  usual  coating  of 
platinum  black,  in  spite  of  careful  and  long-continued  wash- 
ing, retains  traces  of  salt  that  subsequently  pass  slowly  into 
solution.  The  oxidizing  action  of  the  platinum  black  is  also 
avoided    by  this   treatment.     For   the   purposes   mentioned, 

•  This  Journal,  28,  329  (1902). 

*  Phil.  Trans.,  94,  (A),  321  (1900);  Ztschr.  phys.  Chem.,  33,  346  (1900). 
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electrodes  of  this  kind  cannot  be  too  highly  recommended. 
The  tone-minimum  in  the  telephone  is  fully  as  good  as  with 
the  ordinary  tj'pe  of  electrode. 

The  25°  bath  was  of  the  usual  (Ostwald)  form,  and  the 
stirrer  was  driven  by  a  small  hot-air  motor.  The  zero  bath 
was  of  the  type  used  by  Jones  and  Lindsay,  consisting  of  an 
outer  and  inner  vessel.  The  inner  vessel  and  the  annular 
space  between  the  two  were  filled  with  finely  crushed  ice. 
The  outer  portion  of  ice  was  moistened  with  a  small  quantity 
of  distilled  water,  and  to  the  ice  in  the  inner  vessel  about  an 
equal  weight  of  water  was  added.  By  the  foregoing  means 
the  temperature  of  a  cell  immersed  in  the  ice  and  water  of  the 
inner  vessel  could  be  kept  for  an}-  desired  period  at 
0°.02  to  o^-os  C. 

The  measuring-flasks,  pipettes,  and  burettes  were  carefully 
calibrated. 

Solvents. 

The  water  used  was  purified  in  the  following  manner  : 
Ordinary  distilled  water,  after  addition  of  potassium  dichro- 
mate  and  sulphuric  acid,  was  redistilled.  The  distillate  was 
again  distilled  from  chromic  acid  into,  and  then  from,  a  solu- 
tion of  barium  hydroxide.  Where  the  conductivity  of  the 
water  thus  obtained  was  above  2  X  io~^,  it  was  redistilled. 
In  many  cases  the  conductivity  was  much  less  than  this  value. 

The  methyl  and  ethyl  alcohols  were  the  purest  commercial 
preparations  obtainable.  Each  was  subjected  to  the  same 
treatment.  The  commercial  alcohol  was  dehydrated  by 
standing  in  contact  with  freshly  burned  lime  for  several 
weeks.  From  this  it  was  distilled,  and  then  allowed  to  stand 
over  dehydrated  copper  sulphate  for  a  week  or  more.  When 
required  for  use,  it  was  distilled  from  the  copper  sulphate, 
small  quantities  of  sodium  being  added,  and  precautions 
were  taken  to  protect  the  distillate  from  access  of  moisture. 

The  conductivity  of  the  methyl  alcohol  thus  obtained  was 
usually  from  i  to  2  X  io~^.  That  of  the  ethyl  alcohol  was 
less. 

The  acetic  acid  used  was  obtained  from  Bender  and  Hobein, 
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and  was  designed  for  cryoscopic  work.  The  amount  of  water 
contained  in  it  was  determined,  as  suggested  by  Rudorff,  by 
observation  of  its  freezing-point.  Its  conductivity  was  less 
than  2  X  io~^. 

Method  of  Preparing  the  Solutions. 

The  mixtures  of  solvents  were  prepared  as  follows  :  n  cc. 
of  alcohol,  for  example,  were  diluted  to,  say,  100  cc.  This 
is  designated  as  a  mixture  of  "  n"  per  cent  alcohol. 

Calibrated  flasks  were  used  for  the  dilutions  and  the  tem- 
perature was  kept  to  within  a  few  tenths  of  a  degree  of  the 
temperature  of  calibration. 

In  making  up  the  solutions,  the  exact  amount  of  the  salt 
in  question  was  put  into  a  measuring-flask,  and  after  addition 
of  a  portion  of  the  solvent,  the  substance  was  dissolved  and 
the  flask  filled  to  the  mark.  Here  also  the  temperature  was 
kept  under  control. 

Usuallythe  original  solutions  were  N/16  or  N/32.  From 
these  others  were  made  by  adding  the  solvent  to  a  measured 
portion  of  the  solution.  Where  the  quantity  to  be  used  would 
be  too  small  to  be  measured  with  reasonable  accuracy,  one 
of  the  intermediate  solutions  was  taken  as  a  starting-point  for 
further  dilution. 

Conductivity  Measuremeyits. 

The  constants  of  the  cells  used  were  determined  or  checked 
at  intervals  of  a  few  days.  For  each  determination  from 
three  to  seven  or  eight  different  resistances  were  used.  The 
values  given  in  the  tables  are,  therefore,  the  mean  of  severa 
determinations.  Conductivities  throughout  are  molecular 
conductivities. 

Cadmium  Iodide. 

The  cadmium  iodide  used  was  a  preparation  from  Kahl- 
baum,  used  by  Jones  and  Lindsay  in  their  w^ork. 

Jones  and  Lindsay  measured  the  conductivity  of  cadmium 
iodide  in  water,  methyl  alcohol,  and  mixtures  at  25°  only. 
The  minimum  was  not  observed.  It  seemed  desirable,  there- 
fore, to  complete  the  study  of  the  compound. 
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The  cadmium  iodide  was  dried  by  being  allowed  to  stand 
in  a  desiccator  over  calcium  chloride  for  a  week  or  more.  At 
first  the  attempt  was  made  to  dry  it  by  prolonged  heat- 
ing in  an  air-bath  at  70°  to  80°.  It  was  found  that  when  thus 
treated,  the  salt  assumed  a  pinkish  hue,  which  immediately 
gave  place  to  the  pinkish-white  of  the  salt  in  the  ordinary 
condition,  when  traces  of  water  were  added.  No  mention  of 
this  color  change  can  be  found  in  the  literature.  Though  no 
traces  of  decomposition  could  be  detected,  the  other  method 
of  drying  was  chosen.  The  original  solutions  were  made  by 
direct  weighing. 

Table  I. — Conductivity  of  Cadmium  Iodide  in  Water  at  0°  a?id 

at  25°. 

Temperature 


V. 

f^vO  . 

f^v2S   . 

coefficien 

16 

31.16 

62.86 

1.268 

32 

40.07 

81.82 

1.670 

64 

51-93 

107.77 

2. 114 

128 

63.85 

130.24 

2.666 

256 

76.54 

155.55 

3.160 

Table   II. — Conductivity  of  Cadmium  Iodide   in   2^  Per   Cent 
Methyl  Alcohol  at  0°  and  at  25°' 

Temperature 


V. 

t^vO  . 

Mv25  . 

coefficien 

16 

H-57 

33.83 

0.770 

32 

17.68 

42.10 

0.977 

64 

22.68 

55.02 

1.294 

128 

28.59 

70.22 

1.665 

256 

35.36 

87.31 

2.078 

Table  III — Conductivity  of  Cadmium  Iodide  in  50  Per  Cent 
Methyl  Alcohol  at  0°  a?id  at  2^°. 

Temperature 


V. 

MvO  . 

Mv2S   . 

coefficien 

16 

9.96 

20.82 

0.434 

32 

11.23 

24.21 

0.519 

64 

14.21 

31.25 

0.682 

128 

18.92 

41.61 

0.908 

256 

21.58 

51-4 

r-193 
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Table  IV. — Conductivity  of  Cadmium  Iodide  in   y^  Per  Cent 
Methyl  Alcohol  at  0°  and  at  25° . 

„,  II    r^  I,     „~°  Temperature 

^'  /^i/  <J  .  y.y  25    .  coefficient. 

16  8.94  15-78  0.274 

32  9.71  17.08  0.295 

64  11.24  20.08  0.354 

128  14.37  25.68  0.452 

256  18.58  33.52  0.598 

Table    V. — Conductivity  of  Cadmium  Iodide  in  100  Per  Cent 
Methyl  Alcohol  at  0°  and  at  2^°. 


v. 

MvO°. 

}^v  25°- 

T 

'emperature 
coefficient. 

16 

10.96 

13-39 

0.097 

32 

11-55 

14-51 

O.I18 

64 

12.66 

14.83 

0.087 

128 

13.69 

16.82 

0.124 

256 

17.62 

20.01 

0.096 

Table  VI.- 

—Comparison 

of  Conductivities 

ato\ 

0  Per 

25  Per 

50  Per 

75  Per 

100  Per  cent 

V.                  cent. 

cent. 

cent. 

cent. 

CH3OH. 

16              31.16 

14-57 

9.96 

8.94 

10.96 

32              40.07 

17.68 

11.23 

9.71 

11-55 

64          51-93 

22.68 

14.21 

11.28 

12.66 

128           68.53 

31.09 

18.92 

14-37 

13.69 

256           76.54 

35-36 

21.58 

18.58 

17.62 

Table  VII.- 

-Comparison 

of  Conductivities  1 

at  25\ 

0  Per 

25  Per 

50  Per 

75  Per 

100  Per  cent 

V.                  cent. 

cent. 

cent. 

cent. 

CH3OH. 

16              62.86 

33-83 

20.82 

15-78 

13-39 

32              81.82 

42.10 

24.21 

17.08 

14-51 

64            104.77 

55-02 

31-25 

20.08 

14.83 

128            130.24 

70.22 

41.61 

25.68 

16.82 

256        155-55 

87-31 

51.40 

33-52 

20.01 

Table  VIII. — Conductivity  of  Cadmium  Iodide  in   25  Per  Cent 
Ethyl  Alcohol  at  2^°. 

V.  }Xy  25°. 

16  26.97 

32  34-90 

64  44-21 

128  54-54 

256  69.71 
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Table  IX. — Condtcdivity  of  Cadvihmi  Iodide  hi  50  Per  Cent 
Ethyl  Alcohol  at  2f. 

V.  f.iy  25°. 

16  14.03 

32  16.19 

64  18.93 

128  25.66 

256  34-89 

Table  X. — Conductivity  of  Cadmium    Iodide   i7i  y^   Per   Cent 

Ethyl  Alcohol  at  2^° . 

V.  A*^  25°. 

16  9-43 

32  9-52 

64  10.94 

128  12.27 

256  15.16 

Table  XI. — Conductivity  of  Cadm.ium  Iodide  in  too  Per  Cent 
Ethyl  Alcohol  at  2§° . 


V. 

l-ly    25     . 

16 

2.29 

32 
64 

2.30 
2.32 

128 
256 

2.39 

2.66 

Table  XII.— 

Comparison 

of  Co7iductivities  at  2^° . 

0  Per 
V.                    cent. 

25  Per 
cent. 

50  Per 
cent. 

75  Per       100  Per  cent 
cent.           C2H5OH. 

16                 62.86 

26.97 

14.03 

9.43             2.29 

32                 81.82 

34-90 

16.19 

9.52             2.30 

64               104.77 

44.21 

18.93 

10.94             232 

128               130.24 
256               155-55 

54-54 
69.71 

25.66 
34-89 

12.27             2.39 
15.16           2.66 

From  the  data  given,  especially  in  Tables  VI.  and  VII.,  it 
is  seen  that  cadmium  iodide  does  not  show  the  minimum  in 
mixtures  of  methyl  alcohol  and  water  at  25°.  At  0°,  how- 
ever, in  a  75  per  cent  mixture,  at  volumes  16,  32,  and  64,  the 
minimum  appears.     Beyond  these  dilutions  it  disappears. 
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lu  various  mixtures  of  ethyl  alcohol  and  water  at  25°  (Table 
XII.)  no  minimum  appears,  although  the  values  observed  are 
in  all  cases  less  than  would  be  expected  from  the  rule  of  aver- 
ages. 

The   results   are   plotted   as   curves   in    Figs.  I.   and    II., 


Co'vxdocT^v  tT^      o5j      C-OL-^-vn 


the  ordinates  being  conductivities,  and  the  abscissas  represent- 
ing the  per  cent  by  volume  of  alcohol. 

Sodium  Iodide. 

The  sodium  iodide  used  was  a  preparation  that  had  been 
carefully  purified  by  Jones  and  Lindsay. 

The  salt  was  dried  in  an  air-bath  for  three  days  at  a  tem- 
perature of  1 10"  to  130°.  This  prolonged  treatment  was  found 
necessary  to  bring  it  to  constant  weight. 

The  original  solutions  were  made  up  by  direct  weighing. 
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Table  XIII. — Conductivity  of  Sodium  Iodide  in  Water  at  o°  and 

at  2f. 


V. 

^vO°. 

Mv  25°. 

Mv  25°(o). 

Temperature 
coefficient. 

32 

57-46 

106.0 

105.7 

1.942 

64 

59-37 

109.35 

109.3 

2.000 

128 

60.71 

112.44 

112. 3 

2.069 

256 

62.35 

II5-5 

115-2 

2.126 

512 

64.28 

118.08 

II7.9 

2.152 

The  values  in  the  last  column  are  those  given  by  Ostwald.^ 
The  agreement  is  seen  to  be  quite  satisfactory. 

1  Ztschr.  phys.  Chem.,  1,  74  (1887). 
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Table  XIV. — Coriductivity  of  Sodiioti  Iodide  in  2^  Per  Cent 
Methyl  Alcohol  at  0°  and  at  25". 


V. 

32 

64 

128 

256 

512 


^j/  o  . 

33-63 

34.68 

35-63 
36.73 
37-83 


}-^v  25   . 
70.62 

72 

73 
74 
74 


77 
78 
32 
98 


remperaturc 
coefficient. 

1.48 

1-52 

1-53 

1-504 

1.49 

The  values  at  0°  are  uncorrected  for  the  conductivity  of  the 
solvent. 


Table   XV. — Conductivity  of  Sodium  Iodide   in  jo    Per    Cent 


32 

64 

128 

256 

512 


Methyl  Alcohol  at  0°  and  at  2^° 


27.91 
28.73 
29.04 

30.32 
32.08 


Mv  25  . 
57-18 
58.30 
59-16 
60.87 
61.62 


Temperature 
coefficient. 

1. 171 

1. 183 

1.205 

I. 232 

1. 181 


Table  XVI. — Conductivity  of  Sodium  Iodide  in  75  Per  Cent 
Methyl  Alcohol  at  0°  and  at  2^° . 


V. 

Mv  0  .                        I^y  2^   .                     coefficient. 

32 
64 

128 
256 
512 

31.70                           56.50                          0.992 
33-08                           59.47                           1.056 
34.16                           61.49                           1-093 
34.72                           62.74                           I-I2I 
35.00                          63.77                           I-I51 

Table  XVII.- 

—Conductivity  of  Sodium  Iodide  in  100  Per 
Methyl  Alcohol  at  0°  and  at  25°. 

V. 

,,     ^°                           ,1     ^,."                    Temperature 
Mv  0  .                        /<i,  25  .                      coefficient. 

32 

64 

128 

256 

512 

51.09                           72.03                          0.838 

55-95                   77-63                  0.867 

58.89                           82.70                          0.955 
61.02                           86.19                           1.009 
62.56                           88.27                           1.026 
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Table  XVIII. — Comparison  of  Conductivities  at  o° 


oPer 

25  Per 

50  Per 

75  Per 

100  Per  cent 

V. 

cent. 

cent. 

cent. 

cent. 

CH3OH. 

32 

57-46 

33-63 

27.91 

31.70 

51-09 

64 

59-37 

34-68 

28.73 

33-08 

55-95 

128 

60.71 

35-63 

29.04 

34.16 

58.89 

256 

62.35 

36.73 

30.32 

34-72 

61.02 

512 

64.28 

37-83 

32.08 

35 -oo 

62.56 

Table  XIX.- 

-Comparison 

of  Conductivities  at  2^°. 

0  Per 

25  Per 

50  Per 

75  Per 

100  Per  cent 

V. 

cent. 

cent. 

cent. 

cent. 

CH3OH. 

32 

106.0 

70.62 

57-18 

56.50 

72.03 

64 

109.35 

72.77 

58.30 

59-47 

77-63 

128 

112.44 

73-78 

59-16 

61.49 

82.76 

256 

115-49 

74-33 

60.87 

62.74 

86.19 

512 

118.08 

74-98 

61.62 

63-77 

88.27 

From  the  data  given  in  Tables  XVIII.  and  XIX.,  and 
from  the  curves  plotted  in  the  manner  already  indicated  (Fig. 
III.),  it  is  evident  that  sodium  iodide  exhibits  the  minimum 
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in  mixtures  of  methyl  alcohol  and  water.  Only  two  dilutions 
at  the  two  temperatures  of  observation  have  been  plotted 
as  the  curves  would  be  too  close  together  if  all  were  shown. 

The  minimum,  as  Jones  and  Lindsay  have  observed,  is 
more  pronounced  at  0°  than  at  25°.  Further,  the  shifting 
effect  of  change  of  temperature  and  of  concentration,  also  ob- 
served by  Jones  and  Lindsa3%  appears  at  25°,  2^  =  32.  The 
minimum  occurs  in  a  75  per  cent  mixture  ;  bej'ond  this  dilu- 
tion the  minima  occur  solely  in  the  50  per  cent  mixture. 
At  0°  the  minimum  appears  to  be  exhibited  in  the  50  per  cent 
mixture  alone. 

Calcium  Nitrate. 

It  was  thought  that  the  study  of  a  ternary  salt  might  prove 
interesting.  Jones  and  Lindsay  had  already  made  a  study  of 
strontium  iodide,  and  had  found  it  to  exhibit  the  same  phe- 
nomena as  did  binary  salts. 

The  calcium  nitrate  used  was  a  preparation  from  Kahl- 
baum.  It  was  found  to  be  particularly  difficult  to  dehydrate. 
Heating  for  several  days  at  a  temperature  of  130"  to  140°  was 
necessary  to  bring  it  to  constant  weight.  This  treatment 
caused  no  perceptible  decomposition.  All  original  solutions 
were  made  by  direct  weighing. 

Table  XX. — Conductivity  of  Calciiim  Nitrate  in  Water  at  0° 

and  at  25" . 

r\°  or°  Temperature 

V.  f^v  ^  •  ^v  25   .  coeflBcient. 

16  94-33  177-56  3-329 

32  102.47  189.45  3-440 

64  108.35  199-24  3-636 

128  113-59  209.93  3.854 

256  118.02  215.93  3.916 

Table  XXI. — Conductivity  of  Calcium  Nitrate  in  2^  Per  Cent 
Methyl  Alcohol  at  0°  and  at  2^° . 

o  o  Temperature 

"V.  ftf  O  •  y-v  25  .  coefficient. 

16  53-17  III.45  2.331 

32  5730  120.63  2.533 

64  59-8i  128.95  2.766 
128  63.39  136.81  2.937 
256        66.19       141-45       3-OIO 
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Table  XXII. — Conductivity  of  Calcium  Nitrate  in  50  Per  Cent 
Methyl  Alcohol  at  0°  and  at  2^°. 


Temperature 


V. 

f^vO  . 

>W^25  . 

coeflncient 

16 

41.07 

79.04 

1. 518 

32 

44.70 

90.11 

1. 816 

64 

4915 

98.35 

1.968 

128 

53-94 

103.68 

1.990 

256 

54.82 

109.19 

2.175 

Table  XXIII. — Conductivity  of  Calcium  Nitrate  in  75  Per  Cent 

Methyl  Alcohol  at  0°  and  at  2^°. 


Temperature 


V. 

f^vO   . 

f^v2S  . 

coemcien 

16 

39-59 

70.06 

1. 219 

32 

43.60 

80.16 

1.462 

64 

48.85 

89.98 

1-645 

128 

51-90 

97.72 

1.883 

256 

Table  XXIV. — Conductivity  of  Calcium  Nitrate  in  100  Per  Cent 
Methyl  Alcohol  at  0°  and  at  25° . 


0 

_o 

Temperature 

V. 

}^vO  . 

A'f  25  . 

coefficient. 

16 

32.79 

32 

31-30 

41.88 

0.423 

64 

7>1-^1 

50.79 

0.541 

128 

46.66 

60.52 

0.555 

256 

55-17 

73-98 

0.752 

Table  XXV. — Comparison  of  Conductivities  at  0° . 

100  Per  cent 

V. 

0  Per  cent.     25  Per 

cent. 

50  Per  cent. 

75  Per  cent.        CH3OH. 

16 

94-33         53- 

17 

41.07 

39-59 

32 

102.47         57-30 

44.70 

43.60            31.30 

64 

108.35         59 

81 

49.15 

48.85        37-27 

128 

113-59         63 

39 

53-94 

51.90        46.66 

256 

118.02         66 

19 

54.82 

55-17 

Table  XXVI. — Comparisofi  of  Conductivities  at  2'y''. 

100  Per  cent 
V.  o  Per  cent.     25  Per  cent.     50  Per  cent.    75  Per  cent.        CH3OH. 


16 

177-56 

111.45 

79.04 

70.06 

32.79 

32 

189-45 

120.63 

90.11 

80.16 

41.88 

64 

199.24 

128.95 

98.35 

89.98 

50.79 

128 

209.93 

136.81 

103.68 

97-72 

60.52 

256 

215-93 

141-45 

109.19 

73-98 
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lable  XXVII. — Conductivity  of  Calcium  Nitrate  in  25  Per  Cent 
Ethyl  Alcohol  at  0°  and  at  25" . 

o  o  Temperature 

V.  f^vO  .  f^v  25   .  coefficient. 

16  38.80  92.93  2.065 

32  41.84  100.56  2.359 

64 

128  48.02  112.93  2.596 

256  50.26  119.04  2.750 

Table  XXVIII. — Conductivity  of  Calcium  Nitrate  in ^o  Per  Cent 
Ethyl  Alcohol  at  0°  and  at  2^°. 

o  o  Temperature 

v.  yf-y  O  .  }^y  25   .  coefficient. 

16  23.7  60.43  1-469 

32  25.89  65.30  1.576 

64  27.37  69.83  1.698 

128  28.83  7413  1.812 

256  30.30  78.31  1.920 

lable  XXIX. — Conductivity  of  Calcium  Nitrate  in  75  Per  Cent 
Ethyl  Alcohol  at  0°  and  at  2^° . 

o  o  Te:nperature 

"V.  y-v  O  .  f^v  25   •  coefficient. 

16  19.13  39.08  0.798 

32  21.41  44.57  0.926 

64 

128  26.71  56.08  I-I75 

256  28.61  60.79  1.287 

Table  XXX. — Conductivity  of  Calcium  Nitrate  in  100  Per  Cent 
Ethyl  Alcohol  at  0°  and  at  2j°. 

o  o  Temperature 

"V.  t^v  O  .  f^v  25   .  coefficient. 

16  4.89  7.08  0.088 

32  7. II  9-57  0.098 

64  8.59  12.43  0153 

128  10.74  15-47  0.189 

256  12.48  18.57  0.244 

Table  XXXI. — Comparison  of  Conductivities  at  o" . 

100  Per  cent 
V.  o  Per  cent.     25  Per  cent.   50  Per  cent.      75  Per  cent.         CoHjOH. 

16  94-33  38.80  23.7  19.13  4.89 

32  102.47  41.84  25.89  21.41  7. II 

64  108.35  27.37  8.57 

128  113.59  48.02  28.83  26.71  10.74 

256  118.02  50.26  30.30  28.61  12.48 
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Table  XXXII.- 

—Comparison  of  Conductivities 

at  25\ 

100  Per  cent 

V.            0  Per  cent. 

25  Per  cent. 

50  Per  cent. 

75  Per  cent. 

C2H5OH. 

16             177-56 

92.93 

60.43 

39.08 

7.08 

32             189.45 

100,56 

65.30 

44-57 

9-57 

64            199-24 

69.83 

12.43 

128            207.93 

112.93 

74-13 

56.08 

15-47 

256            215.93 

119.04 

78.31 

60.79 

18.57 

From  the  data  given  in  Tables  XXV.,  XXVI.,  XXXI., 
and  XXXII. ,  and  from  inspection  of  the  corresponding 
curves,  it  is  evident  that  calcium  nitrate  in  no  case  ex- 
hibits the  minimum.  The  conductivities  are  always  less  than 
the  proper  average. 

The  relation  found  by  Wakeman,^ 

A 

—  =  const., 

p{ioo — p) 

does  not  hold  in  the  cases  thus  far  studied  ;  nor  does  that 

found  by  Cohen.' 

Hydrochloric  Acid. 

In  the  study  of  hydrochloric  acid  the  solutions  were  made 
as  follows  :  The  solvent  was  prepared  in  the  usual  manner. 
Into  a  portion  of  the  solvent,  kept  cool  by  ice,  dry  hydro- 
chloric acid  gas  was  passed.  This  was  obtained  by  allowing 
concentrated  sulphuric  acid  to  drop  slowl)'^  from  a  dropping- 
funnel  into  pure,  aqueous,  hydrochloric  acid.  The  gas  was 
dried  by  passing  through  two  gas-washing  bottles  containing 
concentrated  sulphuric  acid.  The  vessel  containing  the  sol- 
vent into  which  the  gas  was  passed  was  protected  from  ex- 
traneous moisture  by  a  drying-tube  containing  phosphorus 
pentoxide. 

The  strength  of  the  original  solution  was  determined  volu- 
metrically  by  means  of  a  standard  solution  of  ammonium  hy- 
droxide, methyl  orange  being  used  as  the  indicator.  From 
this  solution  the  dilutions  were  made,  control  determinations 
being  carried  out  on  some  of  them  because  only  the  tolerabl}' 
dilute  ones  in  mixtures  and  in  pure  methyl  alcohol  were  found 
to  be  stable. 

1  Loc.  cil. 
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The  composition  of  the  69.75  per  cent  mixture  was  deter- 
mined by  means  of  its  specific  gravity. 

Table  XXXIII. — Conductivity  of  Hydrochloric  Acid  in  50  Per 
Cent  Methyl  Alcohol  at  2^° . 

V.  fXy    25°. 

33-05  172.45 

132.21  166.09 

264.42  165.30 

528.83  155-29 

Table  XXXIV. — Conductivity  of  Hydrochloric  Acid  in   6g.y^ 
Per  Cent  Methyl  Alcohol  at  o"  and  at  2^° . 

V.  "  " 

44.67 

92.42 
178.75 
357-5 
714.72 

Table  XXXV. — Cojiductivity  of  Hydrochloric  Acid  in  go  Per 
Cent  Methyl  Alcohol  at  0°  and  at  25° . 

31.53  46.59  73-79 

63.07  47.60  76.19 

157.67  51-84  84.27 

252.28  51-84  84.27 

252.28  51.85  84.38 

504.56  84.22 

Table  XXXVI. — Conductivity  of  Hydrochloric  Acid  in  zoo  Per 
Cent  Methyl  Alcohol  at  0°  and  at  2^°. 
V.  MvO°.  Mv25°. 


MvO  . 

Mv   25". 

63-83 

116. 0 

67.06 

123.77 

66.49 

117. 8 

64.66 

118. 1 

66.19 

116.87 

8.42 

67.36 

95-83 

32.8 

.  77.06 

110.50 

130.26 

79.84 

118.79 

481.44 

89.79 

129.87 

2104.0 

95-46 

133-44 

A  consideration  of  the  results,  Tables  XXXIII.,  XXXIV., 
XXXV.,  XXXVI.,  shows  that  in  certain  cases  they  are  ir- 
regular and  unexpected.  In  the  50  percent  mixture  the  con- 
ductivity falls  from  the   first  dilution,  which  is  analogous  to 
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what  has  been  observed  for  hydrochloric  acid  in  ether  and 
isoamyl  alcohol  by  Cattaneo^  and  Kablukoff,'and  for  sulphuric 
acid  in  acetic  acid  b}^  Jones. ^  In  all  these  cases  the  molecu- 
lar conductivities  decreased  with  decreasing  dilution. 

In  the  69.75  per  cent  a  maximum  is  reached  at  z' =  92.42 
at  both  0°  and  25°.  From  this  point  on  the  conductivities  de- 
crease slightly.  However,  at  0°  the  mean  of  the  last  four  con- 
ductivities, including  the  maximum,  differs  from  the  maxi- 
mum value  by  only  1.5  per  cent. 

In  the  90  per  cent  mixture  the  results  are  perfectly  regu- 
lar, and,  what  is  surprising,  a  limiting  value  is  reached  at 
V—  157.67. 

In  methyl  alcohol  the  results  are  also  regular,  but  there  is 
no  indication  of  a  maximum  value  for  conductivity.  The 
values  found  agree  in  most  cases  very  we  with  those  of  Car- 
rara,* whose  results  are  also  irregular. 

It  is  seen,  further,  that  hydrochloric  acid  shows  the  mini- 
mum (Fig.  IV.)  in  both  the  69.75  per  cent  and  90  per  cent 
mixtures.  At  25°  the  minimum  appears  in  the  former  after 
the  dilution  v  =  178.75.  At  0°  it  appears  at  all  dilutions. 
Carrara*  also  observed  the  minimum  in  the  case  of  hydro- 
chloric acid,  finding  it  to  occur  in  methyl  alcohol  containing 
about  2  per  cent  of  water. 

The  conductivity  curves  (Fig.  IV.)  for  z- =  33  are  plotted. 

Sodium  Acetate  in  Mixtures  of  Acetic  Acid  and  Water. 

Thus  far  we  have  been  concerned  with  conductivities  in 
mixtures  of  alcohol  and  water.  An  investigation  by  Jones 
and  Murray*  seemed  to  make  it  advisable  to  study  conduc- 
tivities in  other  mixtures — notably  of  acetic  or  formic  acid  and 
water.  The  connection  of  the  two  investigations  will  be  con- 
sidered when  we  come  to  discuss  the  cause  of  the  minimum. 

As  stated,  the  acetic  acid  used  was  a  preparation  intended 
for  cryoscopic  work.     The  amount  of  water  in  this  acid  was 

1  Atti.  R.  Ace.  delle  Sc,  Torino,  28,  329  ;  Rend.  R.  Accad.  dci  Lincei,  (5),  a,  295. 

s  Ztschr.  phys.  Chem..  4,  431  (1889). 

3  This  Journal,  16,  1  (1894). 

<  Gazz.  chim.  ital.,  36,  (i),  119  (1896). 

'  This  Journal,  30,  193  (1903). 
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determined  by  means  of  its  freezing-point,  as  recommended 
by  Riidorff,'  The  substance  froze  at  15°. 47.  From  the 
tables  given  by  Riidorff  {loc.  cit.)  it  contained  in  100  parts  by 


03  '^ert;.|\  ft\c 


weight  0.6  part  by  weight  of  water.  Knowing  the  composi- 
tion of  the  acid,  the  proper  amounts  to  be  used  in  making  the 
mixtures  could  be  calculated. 

The  acid  was  partially  frozen  and  the  liquid  portion  re- 
jected. After  melting  the  solid  acid  the  process  was  re- 
peated. The  specimen  thus  obtained  was  used  for  the  con- 
ductivities in  the  pure  solvent.  Owing  to  inevitable  exposure 
to  the  moisture  of  the  air  it  was  not  thought  profitable  to  try 
to  remove  the  last  traces  of  moisture. 

In  this  part  of  the  problem  new  complications  arose,  since 
acetic  acid,  in  aqueous  solution,  conducts  the  current. 

1  Ber.  d.  chem.  Ges.,  3,  390  (1870). 
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The  sodium  acetate  used  was  a  specimen  of  the  fused  salt 
obtained  from  Kahlbaum.  It  was  dried  for  two  days  in  an 
air-bath  at  120°  to  130°.  The  original  solutions  were  made  up 
by  direct  weighing. 

The  specific  conductivity  of  the  solvent  (containing  25,  50, 
75,  and  100  per  cent  by  volume  of  acetic  acid)  was  deter- 
mined ;  then  that  of  the  solution  in  question.  The  differ- 
ence between  the  latter  and  the  former  was  multiplied  by  the 
volume  to  give  the  (apparent)  molecular  conductivity. 

Table  XXXVII. — Conductivity  of  Sodium  Acetate  in  25  Per 

Cent  Acetic  Acid  at  25° . 

Specific  conductivity  of  solvent  =  1.631. 

specific  conductivity  o 

V,  of  solution.  r'-v  25  • 

32  2.040  17-89 

64  1.469  —10.37 

Table  XXXVIII. — Conductivity  of  Sodium  Acetate  in  50  Per 

Cent  Acetic  Acid  at  2^° . 

Specific  conductivity  of  solvent  =  0,8584. 

Specific  conductivity  o 

V.  of  solution.  H-v  25  • 

32  1.388  16.84 

64  0.9263  4.36 

128  0.8986  5.15 

Table  XXXIX. — Conductivity  of  Sodium  Acetate  in  75  Per  Cent 

Acetic  Add  at  25° . 

Specific  conductivity  of  solvent  ^  0.0558. 

Specific  conductivity  o 

V.  of  solution.  /*z/  25    • 

32  0.7050  20.77 

64  0.4446  24.87 

128  0.2999  31-24 

Table  XL. — Conductivity  of  Sodium,  Acetate  in  Acetic  Acid  at 

25"- 
Conductivity  of  solvent  =  i  X  io~^. 

Specific  conductivity  o 

V.  of  solution.  A**  25   - 

32  0.00418  0.134 

64  0.00236  O.161 

128  0.00129  0.165 
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Ou  examination,  the  results  are  seen  to  be  irregular,  and 
no  conclusions  can  be  drawn  from  them.  In  the  25  per  cent 
mixture,  the  molecular  conductivity  is  apparentl)^  negative. 
This,  of  course,  means  nothing  more  than  that  the  specific 
conductivity  of  the  solvent  is  greater  than  that  of  the  solu- 
tion. Only  in  the  75  per  cent  mixture  is  there  any  regularity 
observed.  Here  the  (apparent)  molecular  conductivities  in- 
crease with  decreasing  concentration. 

In  the  pure  solvent  the  conductivities  are  so  small  as  to  be 
almost  negligible.  This  is  not  surprising.  Wakeman^  has 
determined  the  conductivity  of  hydrochloric  acid  in  acetic 
acid,  and  has  found  it  to  be  exceedingly  small.  For  exam- 
ple, for  z;=  98.56  )Xy  was  found  to  be  1.78. 

The  irregular  results  in  mixtures  of  acetic  acid  and  water  are 
to  be  explained  as  being  due  possibly  to  mutual  isohydric  influ- 
ence of  dissolved  substance  and  solvent.  The  dissociation  of 
the  sodium  acetate  is  driven  back  by  the  presence  of  the  acetic 
acid,  and  vice  versa.  This  influence  is  most  marked  where 
the  dissociation  of  each  separately  would  be  greatest,  /.  <?.,  in 
mixtures  of  lower  per  cent  of  acetic  acid,  and  of  minimal  con- 
centration of  sodium  acetate. 

Since  these  phenomena  have  no  direct  connection  with  the 
problem  in  hand,  no  further  discussion  is  necessary,  especially 
as  the  question  has  been  treated  by  Wolf'^  and  by  Rtidorff.^ 

PART  II. 
Dissociation  in  Fifty  Per  Cent  Methyl  Alcohol. 

It  has  been  seen  that  in  the  case  of  hydrochloric  acid  in 
mixtures  of  methyl  alcohol  and  water,  limiting  values  for 
conductivity  are  reached  at  a  smaller  dilution  than  in  either 
water  or  methyl  alcohol.  It  is  important  to  see  whether  this 
is  a  general  phenomenon. 

The  limiting  values  in  the  case  of  sodium  and  potassium 
iodides  and  potassium  bromide  were  determined.  Through- 
out this  part  of  the  work  the  utmost  care  was  taken  in  the 
preparation  of  solvents  and  solutions  and  in  making  the  dilu- 
tions.    The  cells  used  were  standardized  before  and  after  each 

1  Ztschr.  phys.  Chem.,  ig,  i8i  (1894). 

2  Loc.  cit. 
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series  of  measurements.  The  conductivity  of  the  solvent  was 
carefully  determined  and  the  necessary  corrections  were  made. 
The  water  and  the  methyl  alcohol  used  had  a  conductivity  of 
not  over  i  X  io~^.  All  results  given  are  the  mean  of  from 
five  to  ten  different  values. 

Potassium  Iodide. 
The  potassium  iodide  was  a  preparation  furnished  by  Kahl- 
baum.     The  flame  test  showed  that  no  appreciable  impurity 
was  present.     The  salt  was  dried  at   ioo°  to  iio°  for  a  day. 
The  values  obtained  were  : 

V.  }Xv  25°. 

400  69.29 

2000  70.58 

4000  70.60 

The  value  for  the  conductivity  at  z'  ==  400  agrees  with  the 
(interpolated)  value  obtained  by  Zelinsky  and  Krapiwin/ 
and  our  results  may  therefore  be  incorporated  with  theirs. 
This  has  been  done  in  the  following  table.  The  degree  of 
dissociation  has  been  calculated  for  each  dilution.  Included 
in  the  table,  for  comparison,  are  similar  values  calculated 
from  data  obtained  by  Ostwald^  for  potassium  iodide  in  water, 
and  from  data  given  by  Carrara'  for  potassium  iodide  in 
methyl  alcohol. 

Table  XLI. — Conductivity  of  Potassium  Iodide  in  Water,  Methyl 
Alcohol,  and  ^o  Per  Cent  Methyl  Alcohol  at  25°. 


V. 

16 

32 

64 

128 

256 

400 

512 

1024 

2000 

4000 

00 

i  Loe.  cti. 


H20. 

50  Per  cent 
CH3OH. 

CHgOH. 

Mv  25°. 

Mv  25°. 

Mv  25°. 

1245 

62.13 

68.14 

128.5 

64-37 

74-42 

130-5 

66.01 

79-85 

133-0 

67-45 

84.70 

1358 

68.28 
69.20 

88.25 

137-9 

69.65 

90.82 

140.9 

70.55 
70.58 
70.60 

93-07 

142.6 

70.58 

97-63 
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The  values  of  the  dissociation  factors  are  shown  in  the  fol- 
lowing table.  From  an  inspection  of  the  data  it  is  seen  that 
a  limiting  value  for  conductivity  is  reached  at  a  lower  dilu- 
tion in  the  mixture  than  in  the  other  solvents. 

Table    XLII. — Dissociation    of   Potassium   Iodide   in     Water, 
Methyl  Alcohol,  and  ^o  Per  Cent  Methyl  Alcohol. 


50  Per  cent 

HoO. 

CH3OH. 

CH3OH. 

V. 

oc. 

a. 

ct. 

16 

0.873 

0.880       • 

0.697 

32 

0.900 

0.912 

0.762 

64 

0.915 

0.936 

0.818 

128 

0.931 

0.956 

0.868 

256 

0.953 

0.968 

0.904 

512 

0.967 

0.987 

0.931 

1024 

0.989 

1. 000 

0.954 

An  inspection  of  this  table  shows  that,  at  corresponding 
dilutions,  dissociation  as  calculated  from  conductivity  is 
greater  in  the  m,ixture  than  i7i  m,ethyl  alcohol  or  iti  water. 
The  only  other  solvent  thus  far  shown  to  have  a  greater  dis- 
sociation power  than  water  is  liquid  hydrocyanic  acid,  as  ap- 
pears from  the  work  of  Centnerszwer.^  Potassium  iodide  was 
one  of  the  substances  used. 

Sodium  Iodide. 

The  sodium  iodide  was  the  preparation  previously  em- 
ployed.    The  following  measurements  were  made  : 

V.  Mv  25°. 

500  60.92 

2000  61.72 

4000  61.65 

Combining  these  with  the  values  previously  obtained  by 
ourselves,  and  using  Carrara's*  values  for  conductivities  in 
water  and  methyl  alcohol,  respectively,  we  have  the  follow- 
ing : 

1  Ztschr.  phys.  Chem.,  39,  217  (1902). 
'  Loc.  cii. 
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Table  XL  III. — Conductivity  of  Sodium  Iodide  in  Water  ^  Methyl 
Alcohol,  ayid  50  Per  Cent  Methyl  Alcohol  at  25° . 


50  Per  cent 

H20. 

CH3OH. 

CH3OH. 

V. 

}^v  25°. 

i^v  25°. 

^v  25°. 

32 

106.0 

57-I8 

68,75 

64 

109.3 

58.30 

73-11 

128 

112. 4 

59-i6 

77-31 

256 

II5-5 

60.87 

79.90 

512 

118. 1 

61.27 

82.15 

2000 
4000 

61.72 
61.65 

CO 

121. 4 

61.68 

89.77 

It  is  evident,  in  this  case,  that  the   results  are  of  the  same 
general  character  as  those  found  for  potassium  iodide. 

Table  XL IV. — Dissociatio7i  0/  Sodium  Iodide  in  Water,  Methyl 
Alcohol,  and ^o  Per  Cent  Methyl  Alcohol. 


50  Per  cent 

H20. 

CH3OH. 

CH3OH. 

V. 

a. 

(X. 

a. 

32 

0.865 

0.927 

0.766 

64 

0.901 

0.946 

0.816 

128 

0.917 

0.959 

0.861 

256 

0.949 

0.987 

0.890 

512 

0.971 

0.993 

0.915 

2000 

1. 000 

4000 

1. 000 

1. 000 

Here  also,  as  was  found  for  potassium  iodide,  the  dissociation 
is  greatest  in  the  7nixture. 

The  following  measurements  were  made  for  potassium  bro- 
mide in  50  per  cent  methyl  alcohol  : 

V.  Mv   25°. 

250  65.78 

1250  69.26 

2500  69.35 

At  V  =  250  the  dissociation  is  0.949  for  the  mixture. 
At  z'^:  256  the  dissociation  is  0.927  for  water,  as  calculated 
from  Ostwald's'  and  Carrara's^  values. 

'  Loc.  cil. 
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Table  XL  V. — Dissociation  of  Ammonium  Bromide  in  50  Per 
Cent  Methyl  Alcohol. 

50  Per  cent  CH3OH. 

V.  a. 

16  0.871 

32  0.910 

64  0-942 

128  0.962 

256  0.974 

512  0.986 

1024  I. 000 

The  values  for  the  dissociation  constants  are  seen  to  be 
about  the  same  as  those  for  potassium  iodide.  Data  for  con- 
ductivity in  aqueous  solution  could  not  be  found.  The  values 
for  methyl  alcohol  are  calculated  from  Carrara's  data  ;  those 
for  the  mixture,  from  Zelinsky  and  Krapiwin's. 

Table  XL  VI. — Dissociation  of  Ammonium,  Iodide   in  50   Per 
Cent  Methyl  Alcohol. 

50  Per  cent  CH3OH. 

V.  a. 

16  0.875 

32  0.909 

64  0.943 

128  0.967 

256  0.973 

512  0.994 

1024  I. 000 

Here  the  values  are  about  the  same  as  for  ammonium  bro- 
mide. No  reliable  records  could  be  found  for  ammonium  iodide 
in  water.  The  data  for  the  mixture  and  for  methyl  alcohol  were 
furnished  by  Zelinsky  and  Krapiwin  and  by  Carrara,  respec- 
tively. 

From  results  given  by  Jones  and  Lindsay  it  is  possible  to 
calculate  the  dissociation  of  lithium  nitrate  in  the  50  per  cent 
mixture  at  two  temperatures,  0°  and  25°,  assuming  that  here, 
as  in  the  other  cases,  complete  dissociation  is  reached  at 
V  =■  1024,  It  is  known  that  in  aqueous  solution  complete  dis- 
sociation is  not  reached  as  soon  in  the  case  of  lithium  salts  as 
in  those  of  potassium  or  sodium  salts.  Less  value  must  there- 
fore be  attached  to  the  following:  results  : 
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Table  XL  VII. — Dissociation  of  Lithium  Nitrate  in  jO  Per  Cent 

Methyl  Alcohol  at  0°  ayid  at  2^^ . 

V.                                  a  0°.  a  25°. 

32                                 0.863  0.862 

64                                 0.899  0.S99 

128                                 0.915  0.926 

256                                 0.944  0.964 

512                                 0.963  0.982 

1024                                 1. 000  1. 000 

Values  of  the  dissociation  for  hydrochloric  acid  in  the  90 
per  cent  and  in  the  69.75  P^r  cent  mixture  at  0°  and  at  25° 
are  also  given.  It  will  be  remembered  that  the  results  in  the 
latter  mixture  were  irregular.  No  stress  can,  therefore,  be 
laid  upon  these  figures.  We  have  taken  the  determina- 
tions for  z'=  92.4  as  the  limiting  values  in  this  case. 

Table  XL  VIII. — Dissociation  of  Hydrochloric  Acid  in  6g.'/^  Per 
Cent  and  go  Per  Cent  Methyl  Alcohol,  in  Water  and  in 
Methyl  Alcohol. 


69.75  Per  cent 
CH3OH. 

90  Per  cent 
CH3OH. 

H«0. 

CHjOH. 

V . 

ao\ 

^25°. 

ao\ 

a  25  . 

«25'. 

«25°.           V 

51-5 

44.67 

63.0 

0.981 

0.937 

0.900 
0.919 

0.875 
0.924 

0.909 

0.890       37.74 
0.916       75.47 

92.42 
15S 

1. 000 

1. 000 

1. 000 

1. 000 

0.972     150.9 

252 

1. 000 

1. 000 

0.934 

The  values  for  conductivities  in  water  are  taken  from  Ost- 
wald  ;'  those  for  methyl  alcohol  from  Carrara.* 

Here  it  is  observed  that  the  dissociation  is  greater  in  the 
60.75  per  cent  mixture  than  in  water  at  the  corresponding 
dilution.  This,  however,  is  not  the  case  for  the  90  per  cent 
mixture. 

It  is  also  interesting  to  note  that  apparently  in  both  mix- 
tures the  dissociation  is  greater  at  o°than  it  is  at  25',  and  the 
same  is  true  for  the  90  per  cent  mixture,  where  the  results 
are  more  reliable  than  those  for  the  69.75  per  cent  mixture. 

1  J.  prakt.  Chem..  140,  300  (i555). 
*  Loc.  cit. 
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We  have  suggested  that  the  dissociation  in  the  50  per  cent 
mixture  may  be  due  to  the  presence  of  the  hydrate  CH,OH, 
3H^O.  This  compound  would  be  more  stable  at  a  lower  than 
at  a  higher  temperature,  and  would  be  present  at  the  lower 
temperature  to  a  greater  extent,  and  therefore  the  dissocia- 
tion would  be  greater.  This  result  should  be  shown  by  salts 
as  well  as  by  hydrochloric  acid,  but  data  are  not  at  hand  for 
comparison.  Jones  and  Lindsay's  values  for  lithium  nitrat 
are  available  and  have  been  used  (Table  XL.).  From  this 
table,  apparently,  the  dissociation  is  greater  at  the  higher 
temperature.  But,  as  we  have  said,  no  final  conclusions  can 
be  drawn  from  these  data,  since  we  cannot  be  certain  that 
limiting  conductivity  values  were  reached  by  Jones  and  Lind- 
say. In  the  case  of  hydrochloric  acid,  however,  they  were 
reached,  in  at  least  one  instance.  Further  investigation  will 
be  needed  to  decide  this  matter. 

It  is  interesting  at  this  point  to  see  whether  the  hypothesis 
of  Dutoit  and  Aston'  is  quantitatively  true  for  the  cases  that 
have  been  considered.  This  hypothesis  is  that  the  dissocia- 
ting power  of  a  solvent  is  dependent  upon  its  association,  as 
determined  by  the  surface-tension  method  of  Ramsay  and 
Shields.'  If  the  hypothesis  held  quantitatively  it  could  be 
formulated  thus  : 

a     X 

~^    ~    x'' 
where   a  and   oc'  are  the  dissociations  of  the  solutions  com- 
pared, and  X  and  x'  the  association  factors  of  the  solvents. 
The  relation  may  be  put  into  the  form — 

a 

--  =  const. 
x 

In  comparing  solutions  in  different  solvents,  there  should 
be  the  same  number  of  gram-molecules  of  electrolyte  dissolved 
in  the  same  number  of  gram-molecules  of  each  solvent. 
Where  solutions  in  water,  methyl  alcohol,  and  ethyl  alcohol 
are  to  be  compared,  the  dilutions  will  have  the  ratio  18,  40, 
58  approximately. 

1  Compt.  rend.,  135,  240  (1897). 

-  Ztschr.  phys.  Chem.,  12,  433  (1S93). 


550  Jones  and  Carroll. 

We  have  made  a  comparison  on  this  basis,  for  potassium 
and  sodium  iodide  in  water,  and  methyl  and  ethyl  alcohols. 
For  the  ethyl  alcohol  solution  the  dissociation  was  calculated 
from  the  data  of  Vollmer.'  The  others  were  taken  from  the 
preceding  tables. 

ot 
Table  XLIX. for  Potassium    and   Sodium   Iodides   in 

X 

Water  and  Methyl  and  Ethyl  Alcohols  at  2^°, 


HoO. 

CH30H. 

CoHjOH. 

X  =  3.68. 

x  =  ZAZ- 

jr  =  2.74. 

Constant. 

Constant. 

Constant. 

KI 

24.9 

25-3 

24.9 

Nal 

23-5 

23.7 

23.6 

2/  =:  32,   64,    100 

24-5 

25.1 

V  ^=  64,  128 

KBr 

25.8 

26.2 

V  =:   128,  256 

Similarly,  assuming  that  Dutoit  and  Aston's  hypothesis 
holds  for  50  per  cent  methyl  alcohol,  we  may  calculate  its  de- 
gree of  association.  Taking  the  value  of  the  constant  as 
23.6,  and  the  comparable  volume  for  the  mixture  as  48,  from 

a                                                                   93-7 
the  relation  —  =^  23.6  we  can  find  x.     We  have =  23.6, 

whence  x  =r  3.96. 

A  mixture  of  methyl  alcohol  and  water,  containing  50  per 
cent  methyl  alcohol  by  volume,  has  very  approximately  the 
composition  corresponding  to  the  hydrate  CH30H,3H20. 
The  existence  of  alcoholic  hydrates  has  been  made  probable 
on  other  grounds.  //  is  possible  that  such  hydrates,  in  virtue 
of  their  complexity,  have  high  dissociating  power.  The  greater 
dissociation  fou7id  in  the  ^o  per  cent  m.ixture  may  be  due  to  this 
hydrate,  in  which  four  simple  molecules  combine  to  form,  a  com- 
plex molecule.  In  water  the  number  of  molecules  combined  at 
ordinary  temperatures  is  less  than  four. 

PART  III. 

Cause  of  the  Minimum. 

The  first  observers  of  the  conductivity  minimum,  Zelinsky 
and  Krapiwin,  offered  no  satisfactor}-  explanation  of  it.  They 
suggested  that  it  might  be  connected  with  the  formation  of  com- 

'      Wied.  Ann.,  5a,  328  (1894). 
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pounds  with  methyl  alcohol.  Further  than  this  they  did  not 
go.  Jones  and  lyindsay  offered  the  following  explanation  : 
"  According  to  the  theory  of  Dutoit  and  Aston,  it  is  only  those 
substances  whose  molecules  are  polymerized  that  can  disso- 
ciate dissolved  electrolytes.  If  this  be  true,  it  is  probable, 
since  those  substances  which  dissociate  dissolved  electrolytes 
also  show,  in  general,  a  normal  molecular  weight  for  dissolved 
non-electrolytes,  that  this  breaking-down  of  the  polymerized 
molecule  can  be  accomplished  best  by  another  associated 
molecule.  From  this  it  follows  that  the  effect  of  mixing  two 
associated  solvents  would  be  to  lower  the  state  of  association 
of  one  or  both  until  a  state  of  equilibrium  is  reached.  Such 
a  mixture  would  be  that  of  water  and  either  methyl  or  ethyl 
alcohol,  or  a  mixture  of  methyl  alcohol  and  ethyl  alcohol. 
In  these  cases,  since  the  molecules  of  the  mixture  are  less  as- 
sociated than  those  of  the  constituents,  we  should  expect  dis- 
solved electrolytes  to  show  a  conductivity  lower  than  that  re- 
quired by  the  law  of  mixtures.  In  every  solvent  with  which 
we  have  worked  this  is  exactly  what  has  been  observed.  In 
the  mixtures  of  methyl  alcohol  and  water,  where  the  associa- 
tion of  the  constituents  is  the  greatest,  the  lowering  of  con- 
ductivity is  also  the  greatest,  as  would  be  expected. 

In  support  of  the  above  view  that  one  associated  solvent 
can  diminish  the  association  of  another  associated  solvent, 
we  have  experimental  evidence  in  the  results  of  freezing-point 
measurements.  The  molecular  weights  of  the  alcohols  in 
water,  as  determined  by  the  freezing-point  method,  are  nor- 
mal, while  the  surface-tension  method  of  Ramsa}'  and 
Shields  shows,  beyond  question,  that  the  alcohols  are  associa- 
ted compounds. 

The  effect  of  temperature  on  the  lowering  of  the  conduc- 
tivity is  in  accord  with  the  above  suggestion.  Since  the  ef- 
fect of  rise  in  temperature  is  to  lower  the  state  of  aggregation 
of  an  associated  liquid,  it  would  be  expected  that  at  the 
higher  temperature  the  influence  of  the  solvents  on  each  other 
would  be  less  than  at  the  lower  temperature.  That  such  is 
the  case  can  be  seen  by  comparing  the  results  at  0°  with  those 
at  25°." 
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The  explanation  offered  by  Jones  and  lyindsay  was  later 
strengthened  by  an  investigation  by  Jones  and  Murray.* 
They  showed,  from  a  study  of  the  freezing-points  of  solutions 
of  acetic  and  formic  acids,  and  water — acetic  acid  in  formic 
acid,  formic  acid  in  acetic  acid,  acetic  acid  in  water,  etc. — 
that  tha  association  of  one  solvent  is  diminished  by  the  pres- 
ence of  another  associated  solvent. 

According  to  the  explanation  offered  by  Jones  and  I,indsay, 
the  chief  effect  producing  the  minimum  is  the  diminution  of 
dissociation  and  consequent  decrease  in  conductivity.  We 
have  shown  that,  in  the  50  per  cent  mixture  of  methyl  alco- 
hol and  water,  the  dissociation,  instead  of  being  diminished 
by  the  presence  of  the  alcohol  (or  by  bringing  together  water 
and  the  alcohol),  is  actually  increased.  This  fact  alone 
makes  it  evident  that  the  explanation  offered  by  Jones  and 
lyindsay  does  not  account  for  the  phenomenon. 

Two  factors  determine  conductivity — the  amount  of  disso- 
ciation and  ionic  mobility.  Decrease  in  one  or  both  of  these 
produces  decrease  in  conductivity.  We  have  shown  that  the 
decrease  in  conductivity  in  question  cannot  be  due  to  decrease 
in  dissociation.  The  inevitable  conclusion  is,  then,  that  it  is 
due  to  a  decrease  in  ionic  mobility. 

A  complete  explanation  of  the  minimum  in  conductivity 
will  have  to  account  for  the  following  facts  : 

1 .  The  effect  itself. 

2.  The  fact  that  the  effect  is  more  pronounced  at  a  lower 
temperature  than  at  a  higher. 

3.  The  fact  that  rise  in  temperature  (and  in  some  cases 
increase  in  concentration)  shifts  the  minimum  toward  a  mix- 
ture containing  a  larger  per  cent  of  alcohol. 

There  is  a  close  connection  between  the  viscosity  or  fluidity 
of  a  solvent  and  the  conductivity  of  electrolytes  when  dis- 
solved in  the  solvent.  The  greater  the  fluidity,  or  the  less 
the  viscosity,  other  things  being  equal,  the  greater  is  the 
conductivity.  This  close  relationship  is  shown  by  the  fact 
that,  for  certain  aqueous  solutions,  the  temperature  coefficients 
of  conductivity  and  of  fluidity  are  identical.     The  connection 

1  This  Journal,  30,  193  (1903). 
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between  conductivity  and   fluidity,  or  viscosity,  will  be  con- 
sidered in  detail  in  the  concluding  part  of  this  paper. 

The  investigations  of  Jones  and  Lindsay,  Zelinsky  and 
Krapiwin,  and  of  ourselves  have  had  to  do  with  con- 
ductivities in  mixtures  of  solvents.  Numerous  researches 
have  been  made  on  the  viscosities  of  mixtures  of  liquids,  nota- 
bly by  Graham,'  Noack,*  Pagliani  and  Battelli,^and  Traube.* 
All  of  these  workers  have  found  that,  in  the  case  of  mixtures 
of  various  alcohols  and  water,  a  striking  phenomenon  is  ob- 
served; the  viscosity  of  the  mixture  is  much  greater 
than  would  be  expected  from  the  law  of  averages.  This 
is  best  shown  graphically  by  plotting  the  viscosities  as 
ordinates  and  the  percentage  composition  of  the  mixtures  as 
abscissae.  The  viscosity  curve  is  seen  to  pass  through  a  max- 
imum. The  fluidity  of  a  liquid  is  the  reciprocal  of  its  vis- 
cosity. If,  therefore,  we  show  graphically  the  variations  in 
fluidity  as  the  variations  in  viscosity  were  shown,  the  fluidity 
curve  is  seen  to  pass  through  a  minimum.  In  all  cases,  of 
course,  the  fluidity  is  less  than  the  average. 

The  mixtures  in  which  the  minimum  of  conductivity  is 
found  to  occur  are  approximately  the  mixtures  in  which  this 
minimum  of  fluidity  appears.  The  explanation  of  the  con- 
ductivity minimum  that  we  offer  is  the  following  : 

The  miftimum  of  conductivity  is  caused  primarily  by  the  great 
decrease  of  fluidity  resulting  when  the  two  components  of  the 
mixture  are  brought  together. 

From  the  results  of  Pagliani  and  Battelli^  and  of  Traube* 
we  have  calculated  the  various  fluidities  of  mixtures  of 
methyl  and  ethyl  alcohol  and  water,  for  the  temperatures  o", 
10°,  20°,  and  30°,  and  have  plotted  the  fluidity  curves  (Figs. 
V.  and  VI.)  in  the  manner  indicated. 

From  a  consideration  of  these  curves  it  is  evident  that,  for 
mixtures  of  water  and  methyl  alcohol  at  0°,  the  minimum  of 

1  Ann.  Cheni.  (Liebig),  120,  90  (1861). 

2  Wied.  .4.nn..  27,  289  (18S6). 

3  Atti.  di  k  Ac.  delle  Sc.  d.  Torino.,  20,  607  {1885), 

*  Ber.  d.  cheiu.  Ge.s.,  19,  871  (1889). 

*  Loc.  cit. 
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fluidity  occurs  in  a  mixture  containing  31  per  cent  methyl 
alcohol  by  weight  (37  per  cent  by  volume);  at  20°  the  mini- 
mum occurs  in  a  40  per  cent  mixture  (46  per  cent  by  volume). 
Further,  the  drop  in  fluidity  is  more  pronounced  the  lower 
the  temperature. 
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For  the  mixtures  of  ethyl  alcohol  and  water,  at  0°,  the 
minimum  occurs  in  a  34  per  cent  (40  per  cent  by  volume) 
mixture.  At  30°  it  is  found  in  a  50  per  cent  (56  per  cent) 
mixture.  The  minimum  is  also  more  pronounced  at  the  lower 
temperature. 

It  should  be  noted  that  the  change  in  fluidity  is  very  small 
over  a  considerable  range — particularly  in  the  case  of  mix- 
tures of  ethyl  alcohol  and  water.  At  30°  the  change  of  fluid- 
ity between  30  per  cent  and  60  per  cent  is  very  slight. 

We  have  here  fulfilled  all  the  requirements  of  a  complete 
explanation  of  the  minimum.  The  two  phenomena  are  paral- 
lel throughout — they  are  either  casually  related  or  have  a 
common  cause.  The  former  supposition  is  much  more  proba- 
ble, particularly  in  the  light  of  the  connection  between  con- 
ductivity and  fluidity. 

The  parallelism  may  be  summed  up  as  follows  : 

1 .  The  conductivity  minimum  is  found  to  be  accompanied 
by  a  minimum  in  fluidity. 

2.  Both  minima  are  more  pronounced  at  lower  tempera- 
tures, and  both  occur  at  approximately  the  same  points. 

3.  The  effect  of  increase  in  temperature  is  the  same  upon 
both  minima — there  is  a  shifting  towards  a  mixture  containing 
a  greater  per  cent  of  alcohol,  but  the  fluidity  minimum,  so  to 
speak,  lags  behind  the  conductivity  minimum. 

For  comparison,  the  following  tables  are  taken  from  the 
work  of  Jones  and  Lindsay  : 

Table  L. — Comparison  of  the  Molecular  Conductivity  of  Potas- 
sium Iodide  in  Water,  Methyl  Alcohol,  and  Mixtures  of 
These  Solvejits  at  0°. 


oPer 

20  Per 

40  Per 

50  Per 

65  Per 

So  Per 

100  Percent 

V. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

CH3OH. 

64 

74.09 



35-48 

33.73 

35-12 

39-03 

59.32 

128 

76.41 

47.26 

35-92 

34-44 

35.71 

40.51 

63.88 

256 

77.01 

47-79 

36.52 

35. T3 

36.49 

41.83 

67-73 

512 

78.01 

48.45 

37.02 

36-05 

37-23 

43.23 

69.85 

1024 

n-9^ 

49.07 

37-85 

36.76 

37-75 

44-45 

71-23 
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Table  LI. — Comparison  of  the  Molecular  Conductivity  of  Potas- 
sium Iodide  in  Water,  Methyl  Alcohol,  and  Mixtures  of 
These  Solvents  at  25° . 


0  Per 

20  Per 

40  Per 

50  Per 

65  Per 

So  Per 

100  Per  cent 

V. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

CH3OH. 

64 

132. 1 

91.91 

72.14 

67.46 

65.04 

67.78 

82.87 

128 

135-4 

93-78 

73-69 

68.79 

67.25 

70.33 

88.49 

256 

138.0 

95-64 

75-14 

70-37 

68.78 

71-83 

93-73 

512 

139.6 

97.12 

76.25 

71.72 

70.00 

73.16 

98.36 

1024 

140.7 

98.10 

77-68 

72.57 

70.94 

74.81 

102.0 

It  is  seen  that  at  o"  the  minimum  of  conductivity  occurs  in 
a  50  per  cent  mixture  ;  the  fluidit}^  minimum  occurs  in  a  40 
per  cent  mixture.  At  25°  the  minima  occur  in  65  per  cent  and 
56  per  cent  mixtures,  respectively. 

Strontium  iodide  also  presents  a  good  example  of  the  shift- 
ing of  the  minimum,  as  the  following  tables  from  Jones  and 
Lindsay's  work  show  : 

Table  LII. — Comparisoii  of  the  Moleadar  Conductivity  oj 
Strontium  Iodide  in  Water,  Methyl  Alcohol,  and  Mixtures 
of  These  Solvents  at  d^ . 

100  Per  cent 


V. 

0  Per  cent. 

25  Per  cent. 

50  Per  cent. 

75  Per  cent. 

CH3OH 

32 

113. 1 

63.00 

50.19 

55.53 

75.82 

64 

"7-7 

66.05 

52.61 

59.24 

85.01 

128 

122. 1 

68.62 

55.05 

62.85 

94.76 

256 

126.0 

70.98 

57-18 

66.68 

104.4 

512 

129.8 

73.10 

59-51 

69.98 

114. 0 

1024 

132.6 

75-51 

61.03 

73.22 

123.4 

Table  LIII. — Comparison  of  the  Molecular  Conductivity  of 
Strontium  Iodide  in  Water,  Methyl  Alcohol,  and  Mixtures 
of  These  Solve 71  ts  at  2j°. 


100  Per  cent 

V. 

0  Per  cent. 

25  Per  cent. 

50  Per  cent. 

75  Percent. 

CH3OH. 

32 

205.3 

131. 3 

103.8 

98.09 

IOI.4 

64 

214-5 

138.5 

109.9 

104.8 

115. 3 

128 

223.1 

145-3 

115.3 

III. 4 

128.6 

256 

231.8 

152.3 

I  20. 1 

118. 0 

141. 4 

512 

240.2 

157-4 

124.3 

124.8 

153.9 

1024 

2459 

161.9 

128.5 

131. 4 

166.3 
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In  the  case  of  strontium  iodide  the  real  minimum  would 
probably  be  found  in  a  mixture  between  the  50  and  75  per 
cent  mixtures. 

So,  also,  in  the  case  of  lithium  nitrate,  as  shown  in  the  fol- 
lowing tables  taken  from  the  work  of  Jones  and  Lindsay  : 

Table  LIV. — Comparison  of  the  Molecular  Conductivity  of  Lith- 
ium Nitrate  in  Methyl  Alcohol,  Water,  and  Mixtures  of 
These  Solvents  at  o^ . 

100  Per  cent 


V. 

0  Per  cent. 

25  Per  cent. 

50  Per  cent. 

75  Per  cent. 

CH3OH. 

32 

50.00 

29-15 

23-59 

26.67 

45-97 

64 

51-49 

29.68 

24-49 

27-95 

50.12 

128 

52.51 

30.15 

25-03 

28.66 

53-95 

256 

53-40 

30.70 

25-71 

29.51 

56.67 

512 

54-70 

31.35 

26.35 

30.64 

60.06 

1024 

55-30 

32.56 

27.35 

31.91 

63.40 

Table  L  V. — Comparisoji  of  the  Molecular  Conductivity  of  Lith- 
ium Nitrate  in  Methyl  Alcohol,  Water,  and  Mixtures  of 
These  Solvents  at  2^^ . 


100  Per  cent 

V. 

0  Per  cent. 

25  Per  cent. 

so  Per  cent. 

75  Per  cent. 

CH3OH. 

32 

91-83 

60.56 

47.87 

47.06 

63.51 

64 

94.62 

62.16 

49.92 

49-52 

69.32 

128 

98.00 

63-77 

51-50 

51-64 

74.51 

256 

99.68 

64.96 

53-57 

54-36 

80.57 

512 

IOI.3 

66.78 

54.62 

56.68 

83.31 

1024 

102.3 

69.02 

55-60 

58.56 

86.46 

An  examination  of  our  own  values  for  sodium  iodide  (p. 
533)  shows  that  at  0°  the  minimum  occurs  in  the  50  per  cent 
mixture.  At  25°,  for  one  dilution,  v^  32;  it  occurs  in  the  75 
per  cent  mixture,  elsewhere  in  the  50  per  cent  mixture.  In 
all  probabilit}'  the  real  minimum  would  be  found  in  an  inter- 
mediate mixture. 

When  we  attempt  a  comparison  for  ethyl  alcohol  the  data 
are  more  meager.  The  minimum  was  found  by  Jones  and 
Lindsay  to  occur  onlv  at  0°  in  the  ca.ses  studied  by  them. 
Their  data  are  jjiven  : 
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Table  L  VI. — Comparison  of  the  Molecular  Conductivity  of  Am- 
vionium  Bromide  in  Water,  Ethyl  Alcohol,  and  a  50  Per 
Cent  Mixture  of  These  Solvents  at  0°. 


H20. 

Mixture. 

C2H5OH. 

V. 

}XyO\ 

/^^o°. 

)^vO°. 

64 

74.22 

19.42 

16.71 

128 

75-23 

19.89 

18.83 

256 

76.62 

20.09 

19.66 

512 

77-49 

20.70 

22.66 

1024 

77.78 

21.50 

22.88 

Table  L  VII. — Comparison  of  the  Molecular  Conductivity  of 
Potassium.  Iodide  in  Ethyl  Alcohol,  Water,  and  a  §0  Per 
Cent  Mixture  of  These  Solvents  at  0° . 

H5O.  Mixture.  C2H5OH. 

V.  ^v  0°.  }^v  0°.  Mv  0°. 

64  74-09  19.26  19.12 

128  76.4  19.82  21.36 

256  77-OI  20.35  22.66 

512  78.0  20.92  25.00 

1024      77.96     21.43      27.43 

Table  L  VIII. — Comparison  of  the  Molecular  Conductivities  of 
Lithium  Nitrate  at  o° . 


50  Per  cent 

H20. 

mixture. 

CoHjOH. 

V. 

}X^O°. 

fAvO°. 

MvO". 

32 

50.0 

13.10 

14.29 

64 

51-49 

13-56 

15.60 

128 

52.51 

14.27 

17-52 

256 

53-40 

14.63 

19-39 

512 

5470 

15-45 

21.36 

1024 

55-30 

16.25 

23.29 

An  examination  of  these  data  shows  that  the  apparent  mini- 
mum occurs  in  a  50  per  cent  mixture.  The  fluidity  minimum 
occurs  in  a  40  per  cent  mixture.  The  true  conductivity 
minimum  might,  however,  occur  at  some  other  point,  and, 
consequently,  it  is  hardly  safe  to  press  the  matter  too  far. 

Jones  and  Lindsay  also  made  some  measurements  in  mix- 
tures of  methyl  and  ethyl  alcohols.  No  minimum  was  ob- 
served, the  conductivities  found  being  about  what  would  be 
expected  from  the  law  of  averages.     This  is  clearly  due  to 
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the  fact  that,  when  these  two  solvents  are  brought  together, 
they  do  not  exhibit  the  same  phenomenon  as  is  shown  in  the 
case  of  mixtures  of  the  alcohols  and  water.  We  have  not  found 
any  satisfactory  data  relative  to  the  fluidity  of  mixtures  of 
methyl  and  ethyl  alcohols.  Arrhenius^  states  that  there  is 
no  striking  change  when  the  two  are  brought  together. 

The  best  method  of  comparing  the  variation  in  conductivity 
and  in  fluidity  is  not  in  the  discussion  of  the  conductivity  and 
fluidit}'  curves,  which  can  only  be  approximate,  it  is  better  to 
compare  the  respective  ratios  of  decrease  (by  per  cent)  of  the 
two — that  is,  the  differences  in  per  cent  from  what  would  be 
expected  from  the  rule  of  averages.  These  average  values 
may  be  found  graphically  as  follows  :  At  the  extremities  of 
a  straight  line  of  chosen  length,  erect  perpendiculars  propor- 
tional in  length  to  the  respective  conductivities  (or  fluidities) 
in  the  two  components  of  the  mixtures,  and  connect  these  by 
a  straight  line.  Divide  the  base  line  into  parts  proportional 
to  the  composition  of  the  various  mixtures.  The  perpendicu- 
lars joining  these  points  of  division  and  the  line  previously 
drawn  will  be  proportional  in  length  to  the  various  average 
conductivities  (or  fluidities).  This  can  best  be  done  by  the 
use  of  coordinate  paper.  The  foregoing  method  has  been 
used  in  making  the  following  comparisons  : 

Table  LIX. —  Variation  (^Mv)  ^«  Conductivity  (^Percentage  Fall 
in  Co7iductivity~)  of  Potassium  Iodide  in  Mixtures  of  Ethyl 
Alcohol  and  Water  at  25°.^ 


80  Per  cent. 

C2H5OH 

20  Per  cent. 

40  Per  cent. 

60  Per  cent. 

by  volume. 

V. 

^Ply. 

^f^v. 

^yw^. 

^f^v. 

128 

0.329 

0.465 

0.443 

0.308 

256 

0.334 

0.472 

0.450 

O.3II 

512 

0.340 

0.481 

0.463 

0.334 

1024 

0.339 

0.483 

0.464 

0.344 

2048 

0.340 

0,482 

0.464 

0.343 

Variation 

in  fluidity 

0.461 

0.627 

0.601 

0.466 

It  is  seen  that  the  variation  in  fluidity  is  in  all  cases  greater 
than  the  variation  in  conductivity.     The  two  variations  must 

»  Ztschr.  phys.  Chem.,  i,  287  (1887). 

"  The  conductivity  data  are  taken  from  the  work,  of  Cohen  (/oc.  cit.). 


560  Jones  and  Carroll. 

be  compared  in  order  to  see  where  the  effect  of  variation  is 

Am — ApLy 
greatest.     If  the  two    effects  were  exactly  equal,  -j 

would  equal  zero.  In  this  relation  we  have  a  means  of  com- 
paring the  two  effects.  We  have  made  the  comparison  in  the 
following  table  : 

Table   LX. — Comparison   of    Variations   in    Conductivity   and 

in  Fluidity. 


So  Per  cent  C5H5OH 

20  Per  cent. 

40  Per  cent. 

60  Per  ceut. 

by  volume. 

V. 

A</> 

A0— A/Ay 

A«-A,Xj, 

A<^ 

A4, 

128 

0.287 

0.258 

0.263 

0.339 

256 

0.282 

0.247 

0.258 

0.333 

512 

0.239 

0.231 

0.232 

0.283 

1024 

0.239 

0.231 

0.232 

0.262 

2048 

0.239 

0.231 

0.232 

0.262 

It  is  evident  that  the  effect  of  variation  of  fluidit}^  on  con- 
ductivity is  greatest  in  the  40  per  cent  mixture,  for  here  the 
values  of  the  quotients  are  least.  It  is  seen  that  the  effect  in- 
creases with  increasing  dilution,  and  finally  becomes  constant. 

Similar  comparisons  are  given  for  potassium  iodide  in 
mixtures  of  methyl  alcohol  and  water  at  0°  and  at  25°,  using 
Jones  and  Lindsay's  results. 

Table  LXI. —  Variation  {Perce?ttage  Fall)  in  Conductivity  0/ 
Potassium  Iodide  iti  Mixtures  of  Methyl  Alcohol  and  Water 
at  2^°  and  at  o". 


V. 

20  Per 
ceut. 

40  Per 
cent. 

50  Per 
cent. 

65  Per 
cent. 

So  Per  ceut 

CHsOH 
by  volume. 

64 

0 

25° 

0.237 

0.479 
0.356 

0.494 
0.372 

0.456 
0.350 

0.267 

128 

— 0° 

25° 

0.361 
0.257 

0.507 
0.368 

0.510 
0.386 

0.478 
0.360 

0.283 

256 

0 

25° 

0.365 
0.262 

0.509 
0.377 

0.502 
0.394 

0.486 
0.371 

0.300 

512 

— 0° 

25° 

0.366 
0.262 

0.510 
0.379 

0.513 
0.399 

0.489 
0.381 

0.313 

024 

— 0° 

25° 

0° 

25° 

0.361 
0.262 
0.543 

0.503 
0.379 
0.695 

0.575 

0.508 
0.402 
0.695 

0.490 
0.386 
0.682 

0.320 
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Table  LXII. — Comparison  of  Variation  in  Fluidity  and  in  Con- 


M'M 

■i'*-*- t/fcti' ,    

Jcp 

20  Per 
cent. 

40  Per 
cent. 

50  Per 
cent. 

65  Per 
cent. 

80  Per  cent 

CH3OH 
by  volume. 

V. 

A.<)— dMj, 

A(/) 

A0— AMz; 

A* 

A(/i— Amj, 
A(^ 

A.^— A^ij, 

A<^ 

A0 

64 

— 0° 

O.3II 

0.289 

0.331 

25°" 

0.354 

0.309 

0.304 

0.329 

0.385 

128 

— 0° 
25° 

0.335 
0.300 

0.275 
0.285 

0.266 
0.276 

0,299 
0.321 

0.346 

256 

— 0° 

0.325 

0.268 

0.261 

0.300 

0.309 

512 

— 0° 

0.326 

0.266 

0.262 

0.282 

25° 

0.289 

0.264 

0.251 

0.281 

0.279 

1024 

— 0° 

25^ 

0.335 
0.286 

0.276 
0.264 

0.270 
0.246 

0.282 
0.272 

0.262 

In  the  following  table  comparison  is  made  for  lithium  ni- 
trate : 

Table  LXIII. —  Variation  {Percentage  Fall)  in  Conductivity  of 
Lithium  Nitrate  in  Mixtures  of  Methyl  Alcohol  aud  Water 
at  0°  and  25° .      {From  fones  and  Lindsay's  Data. ) 


32 

25' 

64 

— 0° 

25^ 

128 

— 0° 

25° 

256 

— 0'' 

25" 

512 

0 

25^ 

1024  — o 

25° 

o 


25  Per  cent. 

50  Percent. 

75  Per  cent 
CH3OH  by  volume. 

^l-iv. 

^"t.. 

^Plv. 

0.406 
0.285 

0.508 
0.384 

0.432 
0.333 

0.417 
0.296 

0.518 
0.392 

0.443 
0.345 

0.432 
0.307 

0.532 
0.403 

0.466 
0.358 

0.436 
0.314 

0.535 
0.406 

0.472 
0.362 

0.441 
0.310 

0.541 
0.408 

0.477 
0.354 

0.434 
0.300 

0.600 
0.456 

0.541 
O.4II 
0.695 
0.575 

0.477 
0.354 

o.66i 
0.481 
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Table  LXIV.  —  Comparison  of  Variation  in  Conductivity  and  in 
rluzdity, ^ ,  at  o   a?td  at  2j  . 

75  Per  cent  CH3OH 
by  volume. 

32  —0°  0.323  0.269  0.345 

25°  0.375  0.332         '     0.308 

64  —0°  0.305  0.255  0.330 

25°  0.351  0.318  0.283 


128  — o       0.280       0.235  0.294 

25°             0.327             0.300  (0.255) 

256  — 0°                 0.273                 0.230  0.284 

25°             0.31 1             0.294  (0.247) 

512  — 0°       0.265       0.222  0.277 

25°       0,318       0.290  0.264 

1024  — o*^       0.277       0.222  0.277 

25°           (0.344)           0.285  0.264 

In  the  following  tables  are  given  the  data  for  sodium  iodide, 
using  our  own  results  : 

Table  LXV. —  Variation  {Perceritage  Fall)  in  Cofidudivity  of 
Sodium  Iodide  in  Mixtures  of  Methyl  Alcohol  and  Water  at 
o"  and  at  2^'^ . 


25  Per  cent. 

50  Per  cent. 

75  Per  cent  CH3OH 

V. 

^f^v. 

^l^v. 

^^Iv. 

32 

-0° 

25° 

0.400 
0.277 

0.485 
0.357 

O.4II 
0.298 

64 

— 0° 

25° 

0.406 
0.283 

0.505 
0.378 

0.419 
0.310 

128 

— 0" 

25° 

0.409 
0.297 

0.515 
0.395 

0.423 
0.318 

256 

— 0° 

25° 

0.408 
0.313 

0.508 
0.395 

0.433 
0.330 

512 

-0° 
25° 

0.409 
0.321 

.0.500 
0.402 

0.446 
0.333 

25  Per  cent. 

50  Per  cent. 

75  Per  cent  CH3OH. 

A<<)— Amj, 

A(<>— A/Xj/ 

A(fr— Aji^ 

A<j> 

(^A 

A<t> 

0.333 

0.302 

0.378 

0.392 

0.379 

0.384 

0.323 

0.273 

0.366 

0.379 

0.343 

0-355 

0.320 

0.260     • 

0.360 

0.348 

0.318 

0.339 

0.320 

0.269 

0.345 

0.313 

0.313 

0.314 

0.320 

0.281 

0.325 

0.296 

0.301 

0.308 
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Table  LXVl. — Comparison  of  Variations  in  Fluidity  and  Con- 
ductivity. 


32  — o 

25' 

64  -o' 

25° 

128  —0° 

25' 

256  —0° 

25° 

512  -o' 

25° 

Finally  we  give  a  comparison  of  the  temperature  coefficients 
of  conductivity  for  various  electrolytes  and  the  temperature 
coefficients  of  fluidity'  for  the  various  mixtures. 

The  volumes  were  1024  for  KI,  LiNOj,  Srl^  ;  256  for  Nal ; 
128  for  Cdl^. 

The  temperature  coefficients  are  seen  to  be  most  nearly 
equal  in  the  65  per  cent  mixture  for  potassium  iodide  ;  for  the 
other  salts  in  the  50  per  cent  mixture. 

Table  LXVIl. — Comparison  of  Temperature  Coefficients  of 
Conductivity  and  Fluidity  for  Various  Electrolytes  in  Ethyl 
Alcohol-  Water  Mixtures. 

100  Per  cent 
o  Percent.      35  Per  cent.      50  Per  cent.       75  Per  cent.  C.2H5OH. 

<P      —0°        55.39  22.8  14.15  25.6  55.5 

qy   —25°  112.00   60.7      41.77     55.1      85.88 
0.0249  0.0250  0.0264  0.0216  0.0142 


0.0237        0.0135 

0.0251        0.013S 

0.0247        0.0199 
V  =  1024 

(Ca(N0j)2  0.0182  0.0233  0.0245  o.o2ro  0.0131)  1/1=256 


I      Afj. 

/^25-    '   ^^ 

KI 

0.0249 
0.0172 

v=^  1024 
IviNOj 

0.0184 

v  3=  1024 
Sri, 

0.0272 
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The  temperature  coefl&cients  were  calculated  from  Noack's^ 
data. 

It  is  evident   from   these  values  that  for  the  four  salts  KI, 

LiNOg,   Srl.^,   and  CaCNOJ^,   the  quotient  ■--  is  constant  to 

within  10  per  cent  (5  per  cent  for  LiNO,). 

For  the  binary  salts,  and  for  calcium  nitrate  this  holds  for 
the  pure  solvent,  ethyl  alcohol,  even  more  closely. 

Discussion  of  Results. 

The  value  of  the  quotient -r ^  is   a   measure  of  the 

parallelism  between  the  two  phenomena,  decrease  in  conduc- 
tivity and  decrease  in  fluidity.  If  the  decrease  was  the  same 
in  both  cases,  other  conditions  being  the  same,  the  value  of 
the  quotient  would  be  zero.  The  fact  that  it  is  not  zero  in- 
dicates that  the  decrease  in  ionic  mobility  resulting  from  the 
decrease  in  fluidity  is  not  proportional  to  this  latter. 

When  we  come  to  compare  the  effect  in  the  case  of  potas- 
sium iodide  in  mixtures  of  the  two  alcohols  and  water 
(Tables  lyV.  and  L/VII.),  it  is  seen  that  the  effect  of  decrease 
of  fluidity  on  ionic  mobility  is  greatest  in  the  ethyl  alcohol 
mixtures,  or  the  two  effects  are  here  most  nearly  parallel. 
The  effect  is  less  for  potassium  iodide  in  methyl  alcohol  mix- 
tures at  both  temperatures  of  observation,  0°  and  25°.  It  is 
to  be  remembered  that  we  are  leaving  out  of  account  possible 
differences  of  dissociation.  Increase  in  dissociation  (in  the 
mixture)  over  that  of  the  corresponding  aqueous  solution 
would  subtract  from  the  effect  of  decrease  in  fluidity.  Ap- 
parently, this  possible  change  in  dissociation  cannot  be  very 
great,  as  some  of  our  measurements  show — not  more  than  i 
or  2  per  cent.  A  far  greater  and  entirely  impossible  change 
in  dissociation  would  be  necessary  to  account  for  the  differ- 
ence in  the  two  effects. 

The  ' '  minimum  ' '  is  much  more  pronounced  in  the  methyl 
alcohol  mixtures.  It  occurs,  however,  in  the  ethyl  alcohol  mix- 
tures generally  at  0°,  but  is  not  very  marked.  We  have  just  seen 
that  the  real  effect  is  greater  in  the  latter  case,  when  we  make 

1  Loc.  cit. 
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a  proper  comparison.  The  reason  why  it  is  not  so  evident  in 
the  case  of  the  ethyl  alcohol  mixtures  is  to  be  found  in  the 
small  conductivities  in  ethyl  alcohol ,  these,  in  turn,  as  will 
be  shown  in  the  last  part  of  this  paper,  being  small,  on  ac- 
count of  the  relatively  great  viscosity  of  ethyl  alcohol,  and  its 
rather  small  dissociating  power.  On  the  other  hand,  the 
phenomenon  does  exhibit  itself  in  the  other  mixtures,  and 
this  is  because  of  the  high  conductivities  in  methyl  alcohol, 
these  being  high  on  account  of  the  small  viscosity  of  methyl 
alcohol  and  its  relatively  great  dissociating  power. 

Considering  all  of  the  salts  in  the  various  mixtures,  it  is  seen 
that,  in  general,  the  effect  of  increased  viscosity  on  conduc- 
tivit}'  is  greatest  in  that  mixture  in  which  the  minimum  in 
conductivity  occurs.  In  some  cases  the  maximum  effect  oc- 
curs elsewhere.  For  example,  for  lithium  nitrate  (Table 
LX. )  at  25°  the  maximum  effect  is  in  the  75  per  cent  mix- 
ture, while  the  minimum  in  conductivity  occurs  for  the  most 
part  in  the  50  per  cent  mixture. 

The  explanation  of  this  is  found  in  the  fact  that,  although 
in  the  one  mixture  the  effect  is  greater,  it  is  offset  by  the  ef- 
fect of  the  smaller  fluidity  of  the  other  mixture,  that  of  the 
75  per  cent  mixture  being  81.8,  and  that  of  the  50  per  cent 
mixture  being  only  68.9.  Incases  where  the  minimum  shifts 
with  increase  in  dilution,  the  probable  explanation  is  to  be 
found  in  the  increase  of  dissociation  accompanying  further 
dilution. 

The  result  of  variation  in  the  temperature  is  also  shown  in 
the  tables — particularly  in  the  case  of  the  lithium  salt  (Table 
lyX.).  At  0°  the  maximum  effect  is  in  the  50  per  cent  mix- 
ture, at  25°  in  the  75  per  cent  mixture. 

In  the  last  two  tables  (LXIII.  and  lyXIV.)  is  given  a 
comparison  of  the  temperature  coefficients  of  fluidity  and  of 
conductivity  for  various  electrolytes  in  the  various  mixtures 
of  methyl  alcohol  and  water,  and  also  for  ethyl  alcohol  mix- 
tures, for  which  the  data  are  more  meager. 

From  Table  lyXIII.  it  is  evident  that  the  temperature  co- 
efficients of  conductivity  and  fluidity  do  not  differ  markedly, 
particularly  for  some  salts.     For  potassium  iodide  they  are 
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most  nearly  equal  in  the  65  per  cent  mixture,  differing  by 
only  7  per  cent.  For  the  other  salts  in  the  50  per  cent  mix- 
ture the  agreement  is  closest,  and  the  differences  are  in  no 
cases  greater  than  for  potassium  iodide  in  the  65  per  cent 
mixture.  In  some  instances  the  agreement  is  seen  to  be 
much  closer  (Srl^,  Cdlj). 

For  the  ethyl  alcohol  mixture,  50  per  cent,  the  tem- 
perature  coefficients   differ   to    about   the    same    degree    as 

in  the  methyl  alcohol  mixtures.     In  other  words,  — ^    ==:  con- 

9 
stant. 

These  facts  are  significant,  as  will  appear  from  the  latter 
part  of  this  paper. 

Our  conclusion  is,  then,  that  the  decrease  in  conductivity  of 
electrolytes  in  binary  mixtures  of  various  alcohols  and  water, 
which  is  in  sotne  cases  accompanied  by  the  tninimum  conductivity 
observed  by  Zelinsky  and  Krapiivin,  is  caused  primarily  by  a 
diminution  iii  the  fluidity  of  the  solvent,  and  a  conseqiient  decrease 
in  ionic  ^nobility. 

Viscosity  and  Conductivity. 

The  viscosity  of  a  liquid  or  solution  is  defined  as  being  the 
force  (in  dynes)  necessary  to  move  a  layer  of  the  liquid  or 
solution  I  molecule  in  thickness,  and  of  unit  area  (i  sq.  cm.) 
over  another  layer  of  the  liquid,  with  unit  velocity  (i  cm.  per 
sec).     The  symbol  rj  is  used  for  the  coefficient  of  viscosity. 

The  fluidity  of  a  liquid  is  the  reciprocal  of  its  viscosity  ■=  — . 

Two  methods  have  been  used  in  the  determination  of  vis- 
cosity. That  of  Coulomb,  in  which  the  coefficient  is  calcu- 
lated from  observations  on  the  damping  of  the  oscillation  of  a 
solid  oscillating  in  the  liquid,  and  that  of  Poisenille,  which 
derives  the  constant  from  observation  on  the  rate  of  flow  of 
the  liquid  through  a  capillary  tube. 

That  there  is  a  connection  between  the  viscosity  of  a  sol- 
vent and  the  electrical  resistance  of  solutions  of  electrolytes 
in  the  solvent,  has  long  been  known.  Or,  what  amounts  to 
the  same  thing,  there  is  a  parallelism  between  fluidity  and 
conductivity. 
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There  have  been  a  number  of  investigations  bearing  on  this 
relation.  The  earliest  is  that  of  Wiedemann.*  Wiedemann's 
method  of  varying  the  fluidity  of  the  solution  was  by  varying 
the  concentration.  From  his  study  of  solutions  of  copper 
sulphate  of  different  concentrations,  Wiedemann  concluded 
that  the  conductivity  is  directly  proportional  to  the  viscosity 

of   the   solution  ;  that  is,  — —  =  const.,  where  K   is  the  con- 

P 
ductivity,  rj  the  coeflScient  of  viscosity,  and  /  the  concentra- 
tion of  the  solution  in   parts  by  weight  of  electrolyte  to  100 
parts  of  solvent. 

Grotrian,*  in  his  investigation,  used  a  second  method  of 
varying  fluidity,  that  is,  by  varying  the  temperature.  A 
comparison  was  made  between  the  temperature  coefficients  of 
fluidity  and  of  conductivity.  Grotrian  found  that  in  many 
cases  the  two  coefficients  are  approximately  the  same. 
Wiedemann  and  Grotrian  had  worked  with  solutions  of  rather 
high  concentration.  Thinking  that  less  irregularities  would 
be  exhibited  by  dilute  solutions,  Stephan*  made  a  study  of 
the  conductivities  of  dilute  solutions,  containing  not  more 
than  5  per  cent  of  sodium,  potassium,  and  lithium  chlorides, 
and  of  sodium  and  potassium  iodides,  in  mixtures  of  ethyl 
alcohol  and  water.  Stephan  thus  used  the  third  possible 
method  of  varying  fluidity — that  of  varying  the  solvent. 
Mixtures  of  alcohol  and  water  were  used  because  of  certain 
striking  phenomena  exhibited  by  them.  When  alcohol  is 
added  to  water  there  is  a  remarkable  increase  in  viscosity  over 
and  above  what  would  be  expected  from  the  rule  of  averages. 
Shown  graphically,  by  plotting  the  composition  of  various 
mixtures  as  ordinates  and  the  viscosity  of  the  mixtures  as 
abscissas,  the  viscosity  curve  is  seen  to  pass  through  a  maxi- 
mum. These  facts  have  been  illustrated  and  more  fully 
treated  in  the  first  part  of  this  paper.  Stephan  also  studied 
the  effect  of  temperature  upon  the  conductivities  and  fluidities 
involved,  and  found,  as  had  Grotrian*  in  other  cases,  that  the 
temperature  coefficients  of  both  are  approximately  equal. 

1  Pogg.  Ann.,  99,  229  (1856). 
'^  Ibid.,  157,  130  (1875). 
s  Wied.  Ann.,  17,  673  (1883). 
*  Loc.  cit. 
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Stephan  thought  he  established  the  relations 
k  =  and         K  =:  — ;. 


the  first  holding  for  all  mixtures  up  to  the  mixture  with  mini- 
mum fluidity,  and  the  second  from  this  point  on.  K  in  both 
formulas  is  the  conductivitj^  of  the  equivalent  solution  of  the 
salt,  k  is  its  conductivity  in  the  mixture,  H  and  7  are  the  vis- 
cosity coefficients  for  water  and  for  the  mixture  respectively. 
In  the  second  relation,  w  is  the  per  cent  of  water  in  the  mix- 
ture, and  w'  the  per  cent  of  water  in  the  aqueous  alcoholic 
mixture  of  minimal  fluidity.  Stephan's  conclusion  is  that 
ionic  friction  is  either  proportional  to  internal  friction  or  equal 
to  it  (viscosity)  ;  that  each  ion  carries  with  it  neighboring 
molecules  of  the  solvent,  and  that  the  ionic  friction  consists 
in  friction  between  these  and  the  rest  of  the  solvent. 

The  agreement  with  these  formulas  was  not  very  close,  par- 
ticularly in  the  case  of  the  second.  Why  this  is  so  can  be 
readil}''  seen.  Stephan  did  not  take  into  account  one  impor- 
tant factor  in  conductivity — dissociation.  Certainly,  with 
various  mixtures,  there  would  be  varying  degrees  of  dissocia- 
tion. 

Grossmann'  made  use  of  the  data  furnished  b}^  Grotrian, 
whose  determinations  of  viscosity  were  made  by  the  method 
of  Coulomb.  By  the  aid  of  a  new  formula,  devised  by  him- 
self, Grossmann  recalculated  Grotrian 's  results,  and  con- 
cluded that  the  product  of  the  viscosity  and  the  conductivity 
of  a  solution  is  constant,  and  independent  of  the  temperature. 
This  constancy  is  shown  by  the  fact  that  the  temperature  co- 
efficients of  conductivity  and  of  viscosity  (as  calculated  by  his 
method)  are  the  same  to  within  less  than  i  per  cent,  and  in 
most  cases  to  within  less  than  one-half  of  i  per  cent.  This 
he  showed  to  be  true  for  solutions  of  the  chlorides  of  potas- 
sium, sodium,  calcium,  and  magnesium,  and  of  zinc  sul- 
phate. Here  the  great  difficulty  is  in  the  method  used;  its 
validity  would  have  to  be  granted,  and  it  is  questiona- 
ble whether  this  can  be  done. 

1  Wied.  Ann.,  i8,  119  (1883). 
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Arrhenius,'  in  the  investigation  already  referred  to,  on  the 
effect  of  the  addition  of  small  quantities  of  non-electrolytes  on 
the  conductivity  of  aqueous  solutions,  found  an  empirical  re- 
lation between  the  conductivity  of  the  solution  and  the  vis- 
cosity of   the  solvent.     The  equation  is — 

looo  a  r=.  c  -\-  looo  c'  (A —  i), 

where  c  and  c'  are  constants  for  the  given  solvent,  A  is  the 
viscosity  of  a  i  per  cent  aqueous  solution  of  the  non-electro- 
lyte (that  of  water  being  taken  as  unity),  and  a  is  the  co- 
efficient a  in  the  equation, 


'='.(■ +^y. 


the  meaning  of  which  has  already  been  explained. 

Holland*  worked  in  the  same  field  as  did  Arrhenius.  He 
found  the  relations  of  Stephan,  already  cited,  inapplicable  to 
the  cases  studied  by  him,  and  also  that  of  Arrhenius  just 
given.  Holland  concludes  that  though  there  is  a  connection 
between  conductivity  and  viscosity,  it  is  unknown. 

Strindberg'  merely  repeated  and  confirmed  some  of  the 
work  of  Arrhenius. 

Vollmer,^  in  an  admirable  investigation  on  the  conductivi- 
ties of  various  salts  in  methyl  and  ethyl  alcohols,  took  occa- 
sion to  determine  the  temperature  coefficients  of  conductivity 
of  the  solutions  studied,  and  found  that  these  differed  very 
little  from  the  temperature  coefficients  of  viscosity  of  the  sol- 
vents, particularly  for  solutions  in  ethyl  alcohol.  For  exam- 
ple, the  temperature  coefficient  of  conductivity — the  mean 
value  of  JyMj;  for  seven  salts  in  ethyl  alcohol  solution — was  1.84 
per  cent,  i^rj  being  1.78  per  cent ;  similarly,  the  mean  value 
of  A}x^  for  six  salts  in  methyl  alcohol  solution  was  1.3  per 
cent,  ^r}  for  methyl  alcohol  being  1.45.  In  every  case,  at 
high  dilutions,  there  was  found  to  be  a  parallelism  between  the 
two  temperature  coefficients. 

>  Ztschr.  phys.  Chem.,  9,  487  (1892). 
^  Wicd.  Ann.,  50,  261  (1892). 
5  Ztschr.  phys.  Chem.,  14,  221  (1894). 
*  Wied.  Ann.,  52,  328  (1892). 
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Euler/  extending  the  work  of  Arrhenius*  on  the  viscosity 
of  mixtures,  finds  a  connection  between  viscosity  and  ionic 
mobility.     Arrhenius  had  proposed  the  exponential  formula, 

H(;«r,j/)  =  A^B^  or  rj^  =  K^  , 
where  H  is  the  viscosity  of  the  mixture,  A  and  B  are  charac- 
teristic constants,  x  the  volume  per  cent  of  the  first  compo- 
nent, and_j'  the  volume  per  cent  of  the  second.  In  the  second 
formula,  which  is  another  way  of  stating  the  first,  A  is-  the 
viscosity  coefficient  of  a  normal  solution  of  the  second  compo- 
nent in  the  first  as  solvent,  x  the  volume  per  cent.  Euler 
extends  the  formula  to  partially  dissociated  electrolytes  in 
solution,  giving  it  the  form  : 

H  =  S-^A^K^, 
assigning  a  part  of  the  viscosity  to  each  component,  S  being 
that  for  the  undissociated  portion  of  the  electrolyte,  A  and  K 
that  for  anion  and  cation,  respectively,  x  and  y  the  concen- 
trations ;  for  normal  solutions,  where  the  dissociation  factor, 
a,  is  known,  the  formula  becomes 

H  rz:   S('-«)A'^K^ 

Assuming  that  ions  of  the  same  mobility  have  the  same  vis- 
cosity constant,  the  constants  for  various  ions  may  be  calcu- 
lated. S  may  be  found  by  determining  H  for  two  different 
concentrations  of  the  same  salt,  of  known  dissociation,  by  the 
aid  of  Arrhenius'  formula.  When  the  viscosity  coefficients 
for  the  various  (univalent)  ions  are  thus  calculated,  and  are 
plotted  against  the  corresponding  ionic  mobilities,  the  corre- 
sponding points  are  seen  to  lie  on  a  curve  which  may  be  ex- 
pressed by  the  equation 

A  U 

((K)  —0.68)  (V)  =  const., 

where  A  and   K  are  the  viscosity  coefficients,  and  U  and  V 

+  — 

the  ionic  mobilities.     The   ions  H  and  OH   do  not  obey  this 

relation.     This   Euler  explains  by  reference  to  a  hypothesis 

proposed  as  to  the  nature  of  electrolytic  dissociation.^ 

1  Ztschr.  phys.  Chem.,  25,  536  (1898). 

t  Ibid..  I,  285  (1887). 

3  Wied.  Ann.,  63,  273  (1894). 
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Massoulier'  studied  the  conductivity  of  copper  sulphate  in 
aqueous  solutions  of  glycerol,  and  showed  that,  as  the  viscosity 
increases  with  further  addition  of  glycerol,  the  resistance  of 
the  solution  increases  proportionately. 

Kohlrausch'^  discusses  a  hypothesis   advanced  by  himself,' 

which  puts  into  more  definite  form  ideas  that  were  previously', 

and  somewhat  generally,  held.   Kohlrausch  has  shown*  that,  in 

the   case   of  monovalent  ions,  the  temperature  coefficient  of 

ionic  mobility  is  a  function  of  the  ionic  mobility  itself,  just  as 

Euler  showed  the  ionic  viscosity  coefficient  to  be  a  function 

of  ionic  mobility.     The  exceptions  are  the  same  in  both  cases, 

+  — 

H    and    OH.      In   the    article   last   mentioned   Kohlrausch 

points  out  that,  if  we  plot  the  conductivity  curves  of 
various  electrolytes  in  a  way  to  show  the  variation  of 
conductivity  with  temperature,  and  in  like  manner  show 
the  variation  of  the  fluidity  of  water  with  change  in 
temperature,  all  these  curves  cut  the  zero  axis  at  about  the 
same  point.  That  is,  conductivity  and  fluidity  disappear  at 
the  same  point.  Of  course,  wide  extrapolation  is  necessary, 
and  this  fact  must  be  taken  into  account.  What  is  more 
significant,  the  conductivity  curve  for  certain  salts,  notably 
sodium  valerate,  is  almost  identical  with  the  fluidity  curve. 
Further,  for  certain  slow  moving  ions,  the  temperature  coef- 
ficient of  ionic  mobility  is  almost  the  same  as  that  of  fluiditj'. 

In  order  to  explain  these  facts,  and  to  avoid  the  tacit  as- 
sumption that  ionic  motion  is  independent  of  motion  of  the 
solvent,  Kohlrausch  proposes  the  hj'pothesis  that  "  about 
every  ion  there  moves  an  atmosphere  of  the  solvent,  the  di- 
mensions of  which  are  determined  by  the  individual  charac- 
teristics of  the  ion".  *  *  *  "  The  direct  action  between 
the  ion  and  the  outer  portion  of  the  solvent  diminishes  as  the 
atmosphere  becomes  of  greater  dimensions." 

This  hj'pothesis  accounts  for  the  facts  already  given  :  The 
apparent  disappearance  of  fluidity  and  conductivity  at  the 
same  temperature,  the  coincidence  in  certain  cases  of  conduc- 

'  Coinpt.  rend.,  130,  773  (1900). 

'^  Proc.  Roy.  Soc,  71,  338  {1903). 

2  Sitz.  Ber.  Berliner  Akad.,  1025  (1901). 

*  Ibid.,  572  (1902). 
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tivity  curve  and  fluidity  curve,  the  equality  of  temperature 
coefiicients  of  ionic  mobility  and  of  fluidity,  and  the  fact  that 
the  temperature  coefficient  of  ionic  mobility  is  a  function  of 
the  mobility  itself.  As  stated,  the  conception  of  such  ionic 
hydration  is  not  new.  We  have  seen  that  a  similar  view  was 
advanced  by  Stephan,  while  Ciamician,'  Nernst,'  and  others 
attempted  by  diffusion  methods  to  measure  the  amount  of  this 
hydration  in  the  case  of  certain  negative  ions,  and  came  to 
the  conclusion  that  it  must  be  small.  Euler^  sees  in  dissocia- 
tion a  combination  of  ion  and  solvent — that  is,  an  ionic  hydra- 
tion. 

The  hypothesis  of  Kohlrausch  was  proposed  for  binarj' 
electrolytes,  at  high  dilutions,  and  with  water  as  a  solvent. 
Its  application  is  therefore  restricted. 

A  more  general  hypothesis,  applicable  to  a  series  of  sol- 
vents and  to  various  dilutions,  will  have  to  take  into  account 
the  following  factors  :  First,  the  viscosity  (or  fluidity)  of  the 
solvent;  second,  the  amount  of  dissociation  in  the  solution  ; 
third,  the  dissociating  power  of  the  solvent.  We  shall  have 
to  find  a  relation  between  the  dissociating  power  of  the 
solvent  and  some  constant  property  of  it. 

There  have  been  various  hypotheses  accounting  for  disso- 
ciating power.  Nernst*  finds  a  connection  between  dissocia- 
ting power  and  the  dielectric  constant  of  the  solvent.  The 
same  relation  had  been  previously  pointed  out  by  J.  J.  Thom- 
son.^ In  general,  the  higher  the  dielectric  constant  of  a 
liquid,  the  greater  is  its  dissociating  power.  Thomson,  some- 
what earlier,  showed  on  theoretical  grounds,  why  we  should 
expect  this  to  be  true. 

BriihP  finds  in  a  condition  of  unsaturation  the  cause  of  the 
tendency  to  polymerize,  and  of  dissociating  power.  He 
holds  the  view  that  oxygen  is  usually  quadrivalent  and  that 
water  and  the  alcohols,  for  example,  containing  quadrivalent 

1  Ztschr.  phys.  Chem.,  6,  403  (1890). 

-  Gottingen  Nachr.,  68,  70,  86  (1900). 

a  Wied.  Ann.,  63,  273  (1S97). 

^  Ztschr.  phys.  Chem.,  13,  531  (1894). 

s  Phil.  Mag.,  36,  320  (1894). 

«  Ztschr.  phys.  Chem.,  18,  514  (1S95). 
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oxygen,  are  unsaturated  compounds.  Hence  their  tendency 
to  polymerize  and  their  power  to  dissociate  electrolytes. 

The  hypothesis  of  Dutoit  and  Aston^  has  already  been  re- 
ferred to  in  another  connection,  and  has  been  shown  to  hold 
quantitatively,  in  certain  cases,  for  water  and  methyl  and 
ethyl  alcohols.  We  have  seen  that,  for  solutions  of  certain 
salts  in  these  solvents,  the  amount  of  dissociation  (as  deter- 
mined from  conductivity)  is  directly  proportional  to  the  asso- 
ciation factor  of  the  solvent ;  and,  further,  that  the  hypothesis 
does  not  apply  in  the  case  of  acetic  acid  solutions,  nor  does  it 
hold  for  solutions  in  acetone. 

It  is  plain  that  the  hypothesis  of  Dutoit  and  Aston  does  not 
go  very  deeply  into  the  phenomena  ;  all  that  it  asserts  is  that 
there  is  a  parallelism  between  the  amount  of  dissociation 
effected  by  the  solvent,  and  the  amount  of  its  own  association. 
The  two  may  have  no  causal  connection  ;  the  relation  may 
arise  simply  from  the  fact  that  the  two  properties — amount 
of  dissociation  and  amount  of  polymerization — are  functions 
of  some  other  property  of  the  solvent.  The  Thomson-Nernst 
hypothesis,  however,  offers  an  explanation  of  very  profound 
significance. 

Dutoit  and  Friderich^  make  an  attempt  to  find  a  connection 
between  conductivity,  viscosity,  and  association,  and  thus 
take  a  step  in  the  direction  of  a  more  general  h5pothesis. 
From  a  study  of  the  conductivities  of  solutions  of  different 
electrolytes  in  different  solvents  they  came  to  the  following 
conclusion  : 

"The  values  of  ywoc  for  a  given  electrolyte  dissolved  in 
different  solvents,  are  a  direct  function  of  the  degree  of  polym- 
erization of  the  solvents,  and  an  indirect  function  of  the  co- 
efficient of  viscosity  of  these  solvents."  The  relation  was 
found  to  hold  only  in  a  general  way — indeed  hardlj"^  more  than 
qualitatively. 

When  we  come  to  consider  the  proposed  relation  it  is  difl&- 
cult  to  see  why  it  should  exist ;  that  is,  it  is  wholly  empirical. 

1  Cotnpt.  rend.,  125,  540  (1897). 
SfiuU.  Soc.  Chim.,  (3),  19,  321  (1898). 
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It  is  not  in  accord  with  the  hypothesis  of  Dutoit  and  Aston, 
for  when  complete  dissociation  is  reached  the  association 
of  the  solvent  is  no  longer  an  influencing  factor.  It  is  super- 
fluous to  discuss  the  matter  further  because,  as  stated,  the 
relation  does  not  hold  quantitatively. 

This  will  suffice  to  indicate  what  has  thus  far  been  done  to 
show  a  connection  between  conductivity  and  viscosity.  The 
relations  hitherto  brought  to  light  are  qualitative.  Of  far 
more  importance  is  the  establishment  of  a  quantitative  rela- 
tionship. We  shall  show  that  such  does  exist,  and  we  pro- 
pose the  following  hypothesis  : 

The  conductivities  of  comparable,  equivalent  solutions  of  binary 
electrolytes  in  certain  solvents  (niethyl  and  ethyl  alcohols,  other 
alcohols  of  the  same  series,  acetone,  etc.)  are  inversely  propor- 
tional to  the  coefficient  of  viscosity  of  the  solvent  in  question,  and 
directly  proportio7ial  to  the  association  factor  of  the  solvent.  In 
case  the  hypothesis  of  Dutoit  and  Aston  does  not  hold  for  the 
solvent  in  question,  for  "  association  factor  of  the  solvent" 
must  be  substituted  "  amount  of  dissociation  of  the  solution." 

Formulated,  the  hypothesis  is  expressed  by  the  relation 

—  ^  const,     or     =  const., 

X  a 

where  the  symbols  have  the  usual  significance. 
This  becomes,  when  yM-,,  =z  /ncc  , 

jAyT}  z=  const. 

The  product  of  piv  and  the  coefl&cient  of  viscosity  is  a  constant 
for  the  same  electrolyte  in  different  solvents.  Where  we  use 
for  X,  a,  the  constant  is  the  same  throughout. 

The  meaning  of  the  term  "  comparable  equivalent  solu- 
tions" needs  to  be  defined.  In  comparing  aqueous  solutions 
those  of  the  same  normality  (containing  equal  gram- 
molecules  of  electrolyte  in  equal  volumes)  are  strictly  com- 
parable. It  is  evident  that  this  is  not  the  case  when,  for 
example,  we  come  to  compare  solutions  of  the  same 
electrolyte  in  different  solvents.     In  order  to  be  strictly  com- 


576  Jones  and  Carroll. 

parable,  the  solutions  must  contain  the  same  number  of  gram- 
molecules  of  electrolyte  dissolved  in  the  same  number  of  gram- 
molecules  of  the  different  solvents,  or  equal  weights  of 
the  (same)  electrolyte  dissolved  in  volumes  of  the  solvents 
which  are  proportional  to  the  molecular  volumes  of  the  sol- 
vents in  question.  That  this  is  the  only  proper  basis  of  com- 
parison has  already  been  pointed  out. 

To  illustrate,  comparable  solutions  in  water  and  in  methyl 
alcohol  would  be  those  containing  the  «ame  weight  of  electro- 
lyte dissolved  in  18  volumes  of  water  and  40  volumes  of 
methyl  alcohol,  becausethe  molecular  volume  of  water  is  18,  and 
that  of  methyl  alcohol  approximately  40.  The  volumes  com- 
pared should  alw^ays  be  in  the  ratio  18  (of  water)  to  40  (of 
methyl  alcohol).  Similarly,  in  the  case  of  methyl  and  ethyl 
alcohols,  the  water  would  be  40  to  57.5. 

We  shall  now  proceed  to  show  that  the  hypothesis  holds. 
In  the  first  place  we  have  plotted  (Fig.  VII.)  the  variation  in 
the  fluidity  of  methyl  and  ethyl  alcohols  with  temperature, 
making  the  different  fluidities  ordinates,  and  the  different 
temperatures  abscissas.  Plotted  with  these,  for  the  sake  of 
comparison,  are  the  conductivitiesof  various  binary  electrolytes 
in  solution  in  the  two  solvents.  Since  only  two  observa- 
tions were  made,  one  at  0°  and  the  other  at  25°,  the  variation 
in  conductivity  is  shown  b)^  a  straight  line.  If  observations 
at  intermediate  points  could  be  obtained  the  line  would  prob- 
ably be  curved.  The  first  ordinate — that  at  0° — is  made  the 
same  in  both  examples.  The  second  in  the  case  of  the  conduc- 
tivities is  then  found  from  the  observed  value  by  multiplica- 
tion by  a  factor. 

From  an  inspection  of  the  figure  (Fig.  VII.)  it  is  evident 
that  the  lines  representing  variation  of  conductivity  and  varia- 
tion of  fluidity  with  temperature  are  almost  coincident.  That 
is,  the  temperature  coefl&cients  are  almost  the  same  in  both, 
the  difference  never  being  over  8  per  cent,  and  in  most 
cases  much  less  than  this,  particularly  for  solutions  in 
ethyl  alcohol.  VoUmer^  has  already  called  attention  to  this 
fact.     This  amounts,   then,    to    a    proof   of   the    Kohlrausch 

'  Loc.  cit. 
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hypothesis  for  solutions  iu   methyl  and  ethyl   alcohols,  and 
such  proof  is  necessary  to  establish  the  validity  of  our  own. 


'b  - 


=S  c, 


-^    Flu. 5   n    Covv 


It  has  already  been  shown  that  this  is  also  true  for  certain 
electrolytes  in  certain  mixtures  of  solvents.  Though  the 
temperature  coefficients  of  fluidity  and  conductivity  are  the 
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same,  the  value  of  the  quotient  — ^  is  much   greater  for   an 

electrolyte  in  the  mixture  than  for  the  same  electrolyte  in  the 
pure  alcohol.  It  is  difficult  to  see  why  this  is  the  case — un- 
less it  be  that  in  the  mixture  we  have  a  complex  solvent  not 
to  be  compared  with  the  simple  one.  Certainly  the  presence 
of  compounds  in  the  mixture  would  complicate  matters.  This 
interesting  point  needs  further  investigation. 

Knowing  the  values  of  the  constant  for  the  pure  solvent, 
and  assuming  the  validity  of  the  relation  for  the  mixture,  we 
might  calculate  the  ionic  friction.  This  would  not  be  the 
same  as  the  coeflScient  of  viscosity  of  the  mixture,  but  its 
variation  with  temperature  would  be  identical. 

The  next  step  is  the  discussion  of  certain  data  as  to  conduc- 

tivities  in  the  two  solvents, — proof  that  the  expression   ^-^ 

holds  for  solutions  in  these  solvents.  The  values  for  the  co- 
efl&cients  of  viscosity  have  been  taken  directly,  or  interpolated 
from  the  results  of  Thorpe  and  Rodger.'  The  values  for  the 
conductivities  in  the  various  solvents  are  taken  from  observa- 
tions of  Vollraer,^  Carrara,^  Jones  and  Lindsay,"  and  others, 
and  from  our  own.  The  values  for  the  association  factors 
are  those  given  by  Ramsay  and  Shields  in  their  first  paper,' 
at  ordinary  temperatures  for  methyl  alcohol,  3.43,  for  ethyl 
alcohol,  2.74. 

ix  11 
Table  LXIX. ^^  for  Lithiutn  Nitrate  ^V^  Methyl  and  Ethyl 

Alcohols. 
CH3OH.  C0H5OH. 

Volume.       o*.        25*.  Volume.       o*.  25*. 

128  0.1288  0.1238  191  0.1239  O.I2II 

256  0.1353  0.1339  381  0.1368  0.1323 

512  0.1484  0.1385  763  0.1500  0.1402 

The  conductivities  compared  were  for  the  volumes  128, 
255,  512  for  methyl  alcohol;    190.7,   381.4,762.8  for  ethyl 

'  Phil.  Trans.,  185,  A,  397  (1894). 

'^  Loc.  cit. 

■■'  Ztschr.  phys.  Chem.,  12,  433  (1893). 
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alcohol,  these  being  comparable  dilutions.  In  the  case  of 
solutions  in  ethyl  alcohol  values  for  the  conductivities  were 
found  by  interpolation. 

As  is  seen  from  inspection  of  the  table,  the  constants  for 
the  comparable  volumes  are  equal  to  within  a  few  per  cent. 
Further,  the  constant  is  the  same  at  the  lower  and  at  the 
higher  temperature.  Of  course,  the  constants  are  not  the 
same  for  the  different  volumes,  for  here  we  have  used  the 
association  factor  as  a  constant  in  the  equation  ;  it  represents 
dissociation.  If  we  were  to  substitute  per  cent  of  dissociation 
for  the  association  factor,  the  values  for  the  constant  would 
be  the  same  in  all  cases. 

Altogether,  the  agreement  of  theory  and  fact  is  all  that 
could  be  expected,  when  we  consider  the  errors  involved  in 
the  determination  of  the  quantities  used.  The  figures  for  as- 
sociation are  certainly  only  approximate.  Conductivities  are 
liable  to  an  appreciable  error,  and  different  observers  give 
values  for  the  viscosity  coeflScients  differing  by  as  much  as  4 
or  5  per  cent. 

Li    t) 

Table  LXX. ^^  for  Ammonium  Bromide  in  Methyl  and  Ethyl 

Alcohols. 

CH3OH.  CjHsOH. 

Volume.  25*.  o*. 

I.  0.1369  0.1293 

II.  O.I44I  0.1416 

III.  O.I513  O.153I 

The  volumes  of  comparison  are  the  same  as  those  in  the 
case  of  lithium  nitrate  (Table  I^XIX.). 

Values  for  the  conductivities  in  ethyl  alcohol  are  taken 
from  the  work  of  Jones  and  lyindsay  ;  those  given  by  them 
for  methyl  alcohol  solutions  are  not  used.  Those  of  Carrara 
are  taken,  as  they  agree  with  values  given  by  Zelinsky  and 
Krapiwin,  while  those  of  Jones  and  lyindsay  do  not. 

In  all  cases  agreement  is  as  close  as  could  be  expected. 
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Table  LXXI. ^  for  Potassium  Iodide  in  Methyl  a7id  Ethyl 

Alcohols. 
Vol-    CH3OH.      CH3OH.       CH3OH.      C2H5OH.     C0H5OH.        u  ij        uri 

ume.    25*.       25".       0°.        25*.       0°. 


Jones  and  Jones  and  Jones  and  Jones  and 


a  a 


Lindsay.  Carrara.  Lindsay.  Lindsay.  Lindsay.  CHjOH.  C2H5OH. 

I.       0.1377  0.1308  O.I417  0.1298  0.1359 

II.       O.I47I  0.1408  0.1526  0.1428  0.1479  0.516       0.571 

III.  0.1558  0.1466  O.1617  0.1544  0.1592  0.525 

IV.  0.1636     0.1513     0.1665     0.1698     0.176       0.539     0-57I 
<»  0-539     0.571 

The  volumes  compared  were  64,  128,  256,  and  512  for 
methyl  alcohol ;  for  ethyl  alcohol,  95.7,  etc.  Both  Jones  and 
Lindsay's  and  Carrara's  values  for  conductivities  in  methyl 
alcohol  were  used  in  order  to  compare  the  results.  In  some 
cases  those  of  the  one  give  better  agreement,  in  other  cases 
those  of  the  other,  indicating  that  the  differences  are  influ- 
enced by  experimental  error. 

It  should  be  stated  that  in  this  case  Gartenmeister's^  values 
for  the  coefficients  of  viscosity  were  used.  The  calculations 
were  made  before  we  decided  to  use  those  given  by  Thorpe 
and  Rodger.  It  would  hardly  be  profitable  to  recalculate, 
since  the  result  is  a  constant  whichever  set  of  values  be  em- 
ployed. We  have  satisfied  ourselves  of  this  by  numerous 
trials.  In  many  cases  three  or  four  calculations  have  been, 
made,  using  the  different  constants  given  in  the  tables  of 
Landolt  and  Boernstein. 

Table  LXXII. —for  Lithium   Chloride   in  Methyl,  Ethyl, 


X 


and  Propyl  Alcohols. 


CH,;OH. 
25°- 

C2H5OH. 
i8*. 

C3H7OH. 
I5*- 

O.I213 
O.II66 

0.1256 

O.I  164 

Volume. 
I. 

Vollmer— 18° 

The  volumes  compared  are  256,  403,  604.  The  values  for 
the  conductivities  are  taken  from  the  work  of  Carrara  and 
Vollmer,  and  for  w-propyl  alcohol  from  Schlamp.^  The  agree- 
ment is  satisfactory. 

'  Landolt  and  Boernsteiu's  Tabellen. 
s  Ztschr.  phys.  Chem. ,  14,  274  (1894). 
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It  is  interesting  to   note  that  the  relation  holds  for  picric 
acid  in  solution  in   methyl  and    ethyl  alcohol.     Where  the 

volumes  compared   are  205  and  270,  respectivel}',  —  m  the 

one  case  equals  0.0665,  and  in  the  other,  0.0641.     The  data  for 
the  comparison  are  furnished  by  Schall.' 

Other  results  may  be  summarized  without  going  further  into 
detail. 


Tadte  LXXIII. 


-^  for  Various  Electrolytes  in  Different  Sol- 

X 


CH3OH. 


ve?its. 

C2H5OH.     M-CsHrOH. 


Nal 

0.1438 

0.1447 

V  =  200,  283 

^  =  750,  575 

0.157 

CH,COONa 

V  =  832,  1200 

0.1156 
0.1123 

0.1093 

CHjCOOK 

NaCl 

V  =  228,  340 

0.1279 
0.1457 

0.1247 
0.1366 

Jones  and 

Carroll  (25') 
V611mer(i8°) 

Jones  and 
0.159         Carroll(25'') 
SchlampCis") 
YoHmer(i8°) 
Carrara(25°) 
Vollmer(i8°) 
Vollmer(i8°) 

Carrara(25°) 
V611mer(i8') 

In  all  these  instances  the  agreement  continues  to  be  satis- 
factory. 

In  the  foregoing  pages  we  have  discussed  all  the  material 
available  in  the  literature.  In  all  of  the  cases — some  nine  in 
number — fact  and  theory  are  in  accord.  It  can,  therefore,  be 
fairly  claimed  that  the  proposed  hypothesis  thus  becomes 
highly  probable.  Further  investigation  is,  however,  desira- 
ble, to  see  how  widely  it  applies. 

For  solutions  in  which  dissociation  is  complete  the  formu- 
lated hypothesis  becomes  f^y  =  const.  The  proof  of  the 
validity  of  this  relation  is,  it  seems  to  us,  a  crucial  test.  We 
give  in  the  following  table  the  necessary  comparisons  : 

1  Ztschr.  phys.  Chem.,  14,  707  (1894). 


Electrolyte. 

C2H5OH. 

«  =  0.012385. 

1 8*. 

KI 

0.567 

Nal 

0.466 

NHJ 

LiCl 

0-377 

NaCl 

0.434 

CH3COCH3. 

M-CsHjOH. 

n  =  0.00353. 

n  =  0.002554. 

25*. 

15'. 

0.541 

0.481 

0.538 

582  Jones  and  Carroll. 

Table  LXXIV. — }x^r}for  Various  Electrolytes  in  Various  Sol- 
vents. 

CHjOH. 

n  =  0.00666(18*). 
0.00552(25*). 

0.530—18° 

0.528  —  25° 

0.505—18° 

0.496—25° 

0.581 

0.416—18° 

0.427—25° 

0.479 

The  values  for  acetone  were  taken  from  the  work  of  Carrara/ 
those  for  ethyl  alcohol  from  that  of  Vollmer,  those  for  methyl 
alcohol  from  that  of  Vollmer  and  Carrara,  and  those  for  propyl 
alcohol  from  the  investigation  of  Schlamp. 

When  we  consider  the  necessarily  large  experimental  error 
involved  in  the  determination  of  the  limiting  values  for  cour 
ductivity — an  error  which  must  certainly  be  greater  than  that 
involved  in  the  determination  of  conductivities  at  ordinary 
dilutions — the  agreement  is  as  good  as  could  be  expected. 
Further,  for  lithium  and  sodium  chlorides  in  ethyl  alcohol, 
limiting  values  were  probably  not  reached,  for  with  them 
Vollmer  did  not  go  to  a  dilution  as  high  as  in  other  cases. 
The  constants  for  these  salts  would  probably  be  greater  than 
the  values  given  in  the  table,  thus  making  a  still  better 
agreement. 

Summary  and  Conclusions . 

1.  Theinvestigationsof  Zelinsky  and  Krapi  win,  and  of  Jones 
and  Ivindsay,  have  been  extended,  and  the  occurrence  of  the 
minimum  in  conductivity  has  been  shown  for  three  substances — 
cadmium  iodide,  sodium  iodide,  and  hydrochloric  acid,  in 
mixtures  of  methyl  alcohol  and  water. 

2.  The  dissociation  (as  determined  from  conductivity)  of 
sodium  and  potassium  iodide,  and  potassium  bromide  in  50 
per  cent  methyl  alcohol,  has  been  determined  and  has  been 
found  to  be  greater  than  that  in  water  at  the  corresponding 
dilution. 

1  Gazz.  Chim.  Ital.,  27,  I.,  207  (1897). 
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3.  It  has  been  shown  that  the  explanation  of  the  minimum 
in  conductivity  offered  by  Jones  and  Lindsaj^  is  not  entirely 
satisfactory.  The  phenomenon  has  been  shown  to  be  depend- 
ent primarily  upon  the  decrease  in  fluidity  which  results  when 
the  liquids  are  mixed. 

4.  The  hypothesis  of  Dutoit  and  Aston  has  been  proved 
quantitatively  for  certain  salts  in  three  solvents — water, 
methyl  alcohol,  and  ethyl  alcohol. 

5.  The  hypothesis  of  Kohlrausch  (formation  of  an  atmos- 
phere of  the  solvent  around  the  ions  in  solution)  has  been 
shown  to  hold  for  binary  electrolytes  in  methyl  and  ethyl 
alcohols. 

6.  A  hypothesis  correlating  conductivity,  association,  and 
viscosity  (or  fluidity)  has  been  proposed,  and  has  been  shown 
to  hold  for  all  the  cases  available  for  discussion. 

Chemical  Laboratory, 

Johns  Hopkins  Univ.. 

May,  1904. 


SOME  REACTIONS  OF  BENZOIN. 

By  J.  B.  Garner. 

A  study  of  the  results  of  the  interaction  of  benzoin  and 
alcoholic  potassium  hydroxide  or  sodium  ethylate,  under 
varying  conditions  of  concentration,  time,  and  temperature, 
has  been  made  by  several  investigators.  Each  succeeding 
study  of  the  subject  has  resulted,  in  a  measure,  in  the  de- 
velopment of  facts  which  have  simplified  previous  interpreta- 
tions of  the  reaction.  The  confusion  regarding  the  exact 
nature  of  this  reaction  has,  nevertheless,  been  considerable.' 
Epitome  of  Previous  Work. 

Zinin,'^  who  was  the  first  to  investigate  the  reaction  under 
discussion,  found  that  benzoin,  when  treated  for  fifteen  hours 
at  a  temperature  of  160°  to  170°  with  a  solution  of  potassium 
hydroxide  (approximately  14  per  cent)  in  ethyl  alcohol  (92 
per  cent),  underwent  chemical  change  which  resulted  in  the 
formation,  as  chief  products  of  the  reaction,  of  hydrobenzoin, 

1  "  Handbuch  der  orgaaischen  Chemie,"  Beilstein  Auflage  III.,  S.  222. 
-  J.  prakt.  Chetn.,  98,  495. 
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benzilic  acid  (associated  with  some  benzoic  acid), needle-like 
crystals  (which  were  not  investigated)  and  an  oily  substance 
supposed  to  be  benzyl  alcohol. 

Jena  and  L,impricht^  took  up  the  study  where  Zinin  left  off 
and,  by  six  series  of  experiments,  showed  that  the  reaction 
did  not  progress  as  smoothly  as  Zinin  had  stated.  In  the 
first  series  benzoin  was  heated  in  a  flask  with  a  return-con- 
denser, on  a  water-bath,  for  three  hours,  with  an  alcoholic 
solution  of  potassium  hydroxide.  Benzoic  acid,  traces  of 
benzilic  acid,  benzoin  ether,  and  a  substance  C^gHj^Oj,  melt- 
ing at  61°,  were  the  only  products.  No  details  were  given  as 
to  the  methods  which  were  used  in  separating  and  identifying 
the  compounds.  The  authors  themselves  expressed  doubt 
as  to  the  correctness  of  their  analyses  of  the  substance  for 
which  they  assigned  the  formula  Cj^H^^Oj. 

The  five  remaining  series  of  experiments  with  benzoin  were 
carried  out  in  sealed  tubes  so  as  to  prevent  access  of  air.  In 
the  second  and  sixth  series  reactions  were  carried  out  with 
benzoin  and  alcoholic  potassium  hydroxide,  the  time,  temper- 
ature, and  concentration  being  varied.  In  the  second  series, 
benzoin  was  heated  for  twelve  hours  at  100°  with  dilute  alco- 
holic potassium  hydroxide.  Hydrobenzoin,  a  substance 
called  ethylbenzoin  (m.  p.  95°),  and  isodesoxybenzoin 
pinacone  (m.  p.  62°)  were  obtained  in  addition  to  the  prod- 
ucts of  the  first  series  of  experiments.  The  authors  found, 
further,  that  isodesoxybenzoin  pinacone,  when  distilled  with 
dilute  sulphuric  acid,  decomposed  into  two  substances — one 
was  readily  soluble  in  hot  alcohol,  and  the  other  only  with 
difiiculty.  The  former  was  found  to  melt  at  108°,  and  as  a 
result  of  an  analysis  was  assigned  the  formula  C^gHj^O.  It 
was,  therefore,  concluded  that  its  formation  was  due  to  the  loss 
of  water  by  isodesoxybenzoin  pinacone  under  the  influence  of 
the  dilute  sulphuric  acid.  The  second  substance  melted, 
when  pure,  at  190°.     It  was  not  investigated. 

In  the  third,  fourth,  and  fifth  series  of  experiments  reac- 
tions were  carried  out  with  benzoin  and  alcoholic  solutions  of 
sodium  ethylate.     The  quantity  of  benzoin,  the  time,  and  the 

'  Ann.  Chem.  (Licbig),  155,  93. 


Some  Reactions  of  Benzoin.  585 

temperature  were  varied,  but  the  ataount  of  sodium  ethylate 
was  kept  constant.  In  the  fourth  series  the  concentration  of 
benzoin  was  twice  as  great  as  in  the  third  series,  the  time  was 
only  one-sixth  as  long,  and  the  temperature  was  50°  higher, 
yet  the  results  were  the  same  in  both  series.  Hydrobenzoin, 
ethylbenzoin,  isodesoxybenzoin  pinacone,  and  ethylbenzilic 
acid  were  the  products  of  the  reaction.  No  traces  of  benzoic 
acid  and  benzilic  acid  were  found. ^ 

The  conditions  of  the  fifth  series  differed  from  those  of  the 
fourth  series  only  in  the  time  and  temperature  of  the  reaction. 
The  products  found  differed  from  those  of  the  fourth  series,  as 
follows  :  stilbene,  benzoic  acid,  and  hydrogen  were  found  in 
place  of  hydrobenzoin.  These  substances  were  assumed  to 
have  resulted  from  the  decomposition  of  hydrobenzoin  by  the 
interaction  with  sodium  ethylate  at  the  temperature  used. 
The  other  products  were  the  same  as  in  the  fourth  series. 
No  reliable  details  were  given  as  to  the  methods  used  in  the 
identification  of  stilbene  and  hydrogen. 

Limpricht  and  Schwanert,''  in  repeating  the  work  of  Jena^ 
on  the  action  of  ethyl  alcohol  upon  benzil,  found  that  the  sub- 
stance called  tolane  alcohol,  and  assigned  the  formula 
Cj^Hj^Oj  by  Jena,  owed  its  formation  to  the  interaction  of  ethyl 
alcohol  and  benzoin.  Benzoin  must  have  been  contained  as 
an  impurity  in  the  benzil  which  Jena  used.  These  investi- 
gators regarded  it  as  a  benzoin  derivative  and  gave  to  it  the 
formula  C30HJ5O4  and  the  name  ethyldibenzoin.  By  treating 
pure  benzoin  with  alcoholic  potassium  hydroxide  in  the  pres- 
ence of  air,  Limpricht  and  Schwanert  readily  obtained  the 
substance,  but  no  analyses  were  made.  The  solubilities  were 
determined,  an  acetyl  derivative  (m.  p.  145°)  was  prepared, 
and  the  fact  was  established  that  the  substance  did  not  yield 
benzil  when  it  was  treated  with  nitric  acid. 

In  1885  Japp  and  Owens,*  in  a  paper  on  "  Condensations  of 
Benzil  with  Ethyl  Alcohol,"  criticized  the  work  of  Limpricht 
and   Schwanert.     They  claimed  to  have  obtained   a   60  per 

1  Ann.  Chem.  (r,iebig),  155,  96. 

2  Ber.  d.  chem.  Ges.,  4,  335. 

3  Ann.  Chem.  (Liebig),  155,  79. 
*  Ber.  d.  chem.  Ges.,  15,  175. 
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cent  yield  of  ethyldibenzoin  by  the  continued  action  of  cold 
dilute  alcoholic  potassium  hydroxide  upon  carefully  purified 
benzil.  They  therefore  viewed  the  substance  as  a  derivative 
of  benzil  and  named  it  ethj^ldibenzil.  In  support  of  their 
view,  in  addition  to  its  method  of  preparation,  they  submitted 
analyses  which  led  them  to  assign  to  it  the  formula  CjoHj^O^, 
which  formula  differed  from  that  of  lyimpricht  and  Schwanert 
by  two  hydrogen  atoms.  Japp  and  Owens  were  unable  to 
prepare  the  acetyl  derivative  melting  at  145°.  They  attempted 
to  explain  the  differences  between  their  results  and  those  of 
Limpricht  and  Schwanert  by  the  following  :  ( i )  That  it  was 
not  taken  into  consideration  that  benzoin  in  the  presence  of 
air  was  converted  into  benzil  by  the  action  of  alcoholic  potas- 
sium hydroxide;  (2)  that  it  was  not  observed  that  the  sup- 
posed ethyldibenzoin  had  alcohol  of  crystallization  ;  and  (3) 
that  the  acetyl  derivative,  instead  of  being  a  pure  substance, 
was  a  mixture,  as  the  melting-point  varied  from  130°  to  200°. 
A  doubt  was  also  expressed  regarding  the  existence  of  a  true 
acetyl  derivative,  as  no  details  had  been  published  as  to 
methods  used  in  its  preparation.  No  explanation  was,  how- 
ever, made  of  the  fact  that  ethyldibenzil,  which  was  said  to 
have  alcohol  of  crystallization,  could  be  recrystallized  from 
benzene  and  its  melting-point  remained  unchanged.^ 

In  attempting  to  prepare  the  alkylbenzoins  by  the  interac- 
tion of  benzoin,  sodium  eth5-late,  and  alkyl  iodides,  Papcke^ 
noticed  that  when  pure  benzoin  was  dissolved  in  boiling 
absolute  ethyl  alcohol,  and  a  solution  of  sodium  ethylate  in 
absolute  ethyl  alcohol  was  added  to  it,  an  intense  brownish- 
violet  coloration  was  produced  and  in  a  few  seconds  the  hot 
solution  solidified  to  a  mass  of  blue  crystals,  which,  when 
heated,  became  colorless,  but  upon  shaking  in  contact  with 
air,  again  became  colored.  To  these  crystals  were  added 
alkyl  iodides,  in  the  hope  that  alkyl  benzoins,  analogous  to 
the  alkyl  desoxy benzoins  of  V.  Meyer, ^  might  be  formed,  but 
no  alkyl  benzoins  were  obtained.  Papcke  attempted  to  show 
that  the  product  formed  by  the  interaction  of  sodium  ethylate 

1  "  Handbuch  der  orgatiischeu  Chemie,"  Beilstein  Auflage  III.,  s.  283. 
-  Ber.  d.  chem.  Ges.,  21,  1335-6. 
*  Ibid.,  20,  2944. 
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and  benzoin  was  a  result  of  the  displacement  of  one  hydrogen 
in  the  secondary  alcoholic  grouping  by  one  atom  of  sodium. 
In  this  connection  he  said  :  "In  all  cases  the  sodium  content 
was  found  to  be  significantly  different  from  that  demanded  by 
the  formula, 

QH,— CO— CH(ONa)— C^H,, 

although  this  formula  is  the  most  probable  one."  His  re- 
sults, coupled  with  those  of  Meyer,  clearly  established  that 
the  action  of  sodium  ethylate  upon  desoxybenzoin  was  of  an 
entirely  different  order  from  that  of  the  action  of  sodium 
ethylate  upon  benzoin.  Papcke  endeavored  to  prepare  ethyl- 
benzoin  by  the  method  of  Jena^  but  found  that  he  was  unable 
to  do  so  because,  as  he  said  :  "  The  yield  was  so  small  and 
the  product  so  difficult  to  i.solate  and  purify." 

Klinger''  claimed  to  have  established  that  dilute  aqueous 
potassium  hydroxide,  in  the  presence  of  air,  reacts  incom- 
pletely and  slowly  with  benzoin  to  produce  benzaldehyde, 
benzhydrol,  benzoic,  and  benzilic  acids,  while  in  the  presence 
of  air  or  oxygen  it  produces  rapidly,  and  almost  quantitatively, 
benzilic  acid  and  some  benzoic  acid.  The  results  of  Kling- 
er's  experiments  in  the  absence  of  air  can  be  interpreted  only 
upon  the  assumption  that  oxygen  or  air  was  really  present, 
for  Knoevenagel  and  Arndt'^  have  conclusively  shown  that 
aqueous  potassium  hydroxide,  of  concentrations  up  to  30  per 
cent.,  at  a  temperature  of  100°,  in  the  absence  of  oxygen  or 
air,  has  no  action  upon  benzoin.  With  very  concentrated 
aqueous  potassium  hydroxide,  under  varying  conditions  of 
concentration  and  temperature,  benzoin  reacts  to  produce  ben- 
zoic acid  and  benzyl  alcohol,  or  products  resulting  from  the 
interaction  of  benzyl  alcohol  and  part  of  the  unchanged  ben- 
zoin, due  to  the  different  conditions  of  the  various  experi- 
ments. These  authors  based  the  interpretation  of  their  re- 
sults upon  the  assumption  that  benzoin  undergoes  hydrolytic 
dissociation,  analogous  to  the  so-called  acid  decomposition  in 
the  acetoacetic  ether  series,  into  benzyl  alcohol  and  benzoic 
acid. 

1  Ann.  Chem.  (Liebig),  iSSi  97. 

2  Ber.  d.  chem.  Ges.,  19,  1S68. 
^  Ibid.,  35,  1985. 
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Objects  of  the  Investigation. 

The  present  investigation  of  the  reaction  which  takes  place 
between  benzoin  and  alcoholic  solutions  of  sodium  ethylate, 
has  been  undertaken  for  the  following  purposes  : 

1.  To  establish  the  composition  and  constitution  of  the 
crj'Stalline  substance,  observed  by  Papcke/  which  results 
when  absolute  ethyl  alcoholic  solutions  of  benzoin  and  sodium 
ethylate  are  brought  together  at  25°. 

2.  To  determine  quantitatively  the  exact  nature  of  the  re- 
actions which  take  place  when  benzoin  is  treated  with  solu- 
tions of  sodium  ethylate  in  ethyl  alcohol,  («)  of  92  per  cent., 
as  formerly  carried  out  by  Jena  and  I,impricht^•  and  {b)  abso- 
lute ;  a  comparison  of  the  results  obtained  might  then  lead  to 
an  interpretation  of  the  reactions  involved. 

EXPERIMENTAL  PART. 

Benzoi?t  with  Sodium  Ethylate  at  25°. 

One  molecule  (5  grams)  of  carefully  purified  benzoin  of 
melting-point  134°  was  dissolved  in  absolute  ethyl  alcohol  (75 
cc.)  and  allowed  to  cool  to  about  25°  ;  then  a  solution  of  one 
atom  of  sodium  (0.6  gram),  in  absolute  ethyl  alcohol  (75  cc), 
was  added.  The  mixture  imraediateh^  became  brownish-vio- 
let in  color,  and  in  a  few  minutes  the  whole  solidified  to 
a  mass  of  long,  white,  silky  needles.  By  filtering  rapidly, 
washing  well  with  absolute  alcohol  and  absolute  ether, 
and  transferring  to  a  vacuum  desiccator,  decomposition,  due 
to  the  action  of  moist  air,  was  avoided.  After  drying  for 
thirty-six  hours  over  concentrated  sulphuric  acid,  in  vacuo, 
the  following  analyses  were  obtained  : 

I.  0,1320  gram  gave  0.3594  gram  CO^  and  0.0641  gram 
H,0. 

II.  0.1722  gram  gave  0.4726  gram  COj  and  0.0829  gram 
H,0. 

III.  0.2456  gram  digested  in  water  at  25°  for  thirty  minutes 
required  36.12  cc.  N/50  H,SO^,  methyl  orange  used  as  indica- 
tor. 

1  Ber.  d.  chem.  Ges.,  21,  1335. 
-  Aun.  Chem.  (l,iebig),  155,  93. 
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IV.  0.3123  gram  analyzed  as  in  III.,  required  43. 7  cc.  N/50 
H,SO,. 

V.  0.4522  gram  gave  0.0832  gram  Na^SO^. 

Calculated  for  Found. 

C^HjoOsNa^.  I.  II.  III.  IV.  V. 

C        74.32  74.25    74.84      

H  4-83  5-39       5-35       

Na        6.79  6.76       6.48       5.97 

The  product  is  decomposed  by  almost  all  of  the  ordinary 
solvents.  It  appears  to  be  stable  only  in  cold  absolute  ethyl 
alcohol  and  absolute  ether,  in  the  absence  of  air  and  moisture. 
Its  decomposition,  when  treated  with  water  at  20°,  is  very  in- 
teresting and  is  the  most  important  method  of  determining  its 
constitution.  This  reaction  has  been  studied  both  qualita- 
tively and  quantitatively.  For  the  purposes  of  qualitative 
study,  the  following  experiment  was  carried  out  :  A  mixture 
of  the  substance  (5  grams),  as  prepared  for  analysis, 
and  water  (50  grams),  was  heated  for  one-half  hour  in 
a  flask,  in  the  water-bath,  at  20°.  The  white  solid  substance 
remaining  was  filtered  off,  and  both  solid  and  filtrate  were 
carefully  examined.  The  solid  possessed  all  of  the  solubili- 
ties and  physical  properties  of  benzoin,  and  readily  formed 
acetyl  benzoin  with  acetyl  chloride;  benzil,  with  nitric  acid, 
and  reduced  aqueous  alcoholic  Fehling's  solution.  The  fil- 
trate was  alkaline  in  reaction,  as  shown  by  treatment  with 
phenolphthalein,  litmus,  etc.  When  acidified  with  dilute 
sulphuric  acid,  a  white  solid  separated  which  was  rigidly 
identified  as  benzoic  acid.  Other  portions  of  the  filtrate  were 
tested  for  ethyl  alcoliol,  (i)  by  means  of  iodine  and  potassium 
hydroxide,  and  (2)  by  means  of  a  mixture  of  dilute  sulphuric 
acid  and  potassium  chromate,  but  each  time  the  results  were 
negative.  The  failure  of  the  chromic  acid  to  react  with  the 
filtrate  established  the  fact  that  benzyl  alcohol  was  absent. 

For  the  purposes  of  quantitative  study,  the  following  ex- 
periment was  carried  out:  0.3123  gram  of  substance  was 
heated  with  32  cc.  of  water  for  one-half  hour  at  20°;  the  solid 
remaining  was  filtered  off  and  washed  with  cold  water  until 
the  wash-waters  were  free  from  sodium  hydroxide  and  benzoic 
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acid.  The  residue  was  dried  in  an  air-bath  at  iio°,  to  con- 
stant weight.  0.2008  gram  of  benzoin  was  left.  The  filtrate 
from  benzoin  was  titrated  with  N/50  sulphuric  acid,  methyl 
orange  being  used  as  indicator,  and  it  was  found  that  43.7 
CO.  of  the  acid  were  required  for  neutralization.  The  sub- 
stance, therefore,  had  decomposed  into  Vjenzoin  (64.3  per 
cent),  sodium  hydroxide  (calculated  as  Na  6.48  percent) 
and  benzoic  acid. 

The  decomposition  which  takes  place  when  the  substance 
is  treated  with  glacial  acetic  acid  results  in  the  formation  of 
benzoin,  benzoic  acid,  and  sodium  acetate. 

Benzoin  with  Sodium  Ethylate. 

A.  Jena  and  Ivimpricht's' experiment  was  repeated.  Ethyl 
alcohol  (92  per  cent)  was  used  as  solvent  and  in  the  prepara- 
tion of  the  sodium  ethylate. 

In  order  to  be  able  to  study  this  reaction,  two  mixtures 
each  of  benzoin  (8  grams) , and  a  solution  of  sodium  (2  grams) , 
in  ethyl  alcohol  (40  cc.  of  92  per  cent),  were  heated  in  sealed 
tubes,  for  six  hours,  at  150°  to  160°.  On  opening  the  tubes, 
the  yellow,  semi-solid  contents  were  found  to  be  under  no  ex- 
cess of  pressure.  Both  masses  were  transferred  to  a  distilling- 
flask  and  practically  all  of  the  alcohol  was  removed  by  heat- 
ing in  the  water-bath.  The  residue  was  almost  odorless.  It 
was  digested  in  the  cold  with  water  for  several  hours,  and  an 
insoluble  residue  was  removed  by  filtration.  This  was  dis- 
solved in  ether  and  shaken  up  with  solutions  of  sodium  car- 
bonate and  sodium  hydroxide  to  insure  the  complete  removal 
of  any  acidic  substances.  The  ethereal  solution  was  then  dried 
over  calcium  chloride  and  the  ether  was  distilled.  A  yellow- 
ish crystalline  solid  (m.  p.  62°  to  63°)  remained  which  was 
readily  soluble  in  hot  alcohol,  cold  ether,  and  chloroform,  less 
so  in  hot  benzene,  and  very  sparingly  inhot  ligroin  (b.  p.  40°  to 
60° ) .  These  solubilities  were  made  use  of  in  separating  the  com- 
poundspresent.  By  dissolving  the  mixture  in  a  small  amount 
of  hot  alcohol  and  cooling  the  solution,  crystals  separated  which 
were  thoroughly  identified  as  isoh5'drobenzoin  (m.  p.  119°. 5).* 

'  Ann.  Chem.  (Liebig),  155,  94- 
2  Ibid.,  198,  154. 
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The  alcohol  iu  the  filtrate  was  removed  by  distillation  on  the 
water-bath,  and  the  residue  dissolved  in  much  hot  ligroin  ; 
crystals  immediately  separated,  which  were  identified  as  the 
dimolecular  anhydride  of  isohydrobenzoin  (m.  p.  102°)/ 
The  filtrate  from  this  substance,  upon  standing  for  several 
days  at  about  0°,  deposited  exceedingly  large  prismatic  crys- 
tals, which  melted  at  62°.  It  was  identical  in  properties 
with  ethylbenzoin  as  prepared  by  Fischer's  method  ;^  1.75 
grams  of  ethylbenzoin  and  3  grams  of  a  mixture  of  about 
equal  quantities  of  isohydrobenzoin  and  its  dimolecular  an- 
hydride were  obtained  as  an  average  of  several  experiments 
when  8  grams  of  benzoin  were  used. 

The  aqueous  alkaline  filtrate,  from  the  mixture  of  ethyl- 
benzoin, etc.,  was  acidified  with  dilute  sulphuric  acid  and  the 
mixture  extracted  repeatedly  with  ether.  The  ethereal  ex- 
tract was  shaken  up  with  solutions  of  sodium  carbonate  and 
sodium  hydroxide.  The  neutral  solution  remaining  was 
dried  over  calcium  chloride,  and  the  ether  removed  b}''  distilla- 
tion. The  oily  residue  was  found  to  weigh  4.8  grams.  By 
fractionation,  1.9  grams  of  pure  benzyl  alcohol  (b.  p.  208°) 
were  obtained  ;  it  was  identified  by  its  ready  conversion 
into  benzaldehyde  when  treated  with  nitric  acid.  The 
remainder  left  in  the  distilling-flask  was  shown  to  be  a 
mixture  of  hydrobenzoin  and  the  dimolecular  anhydrides  of 
hydrobenzoin  and  isohydrobenzoin.  The  presence  here  of 
these  last  three  substances  may  be  explained  by  the  fact  that, 
in  the  presence  of  benzyl  alcohol,  they  are  soluble  in  water  to 
a  considerable  extent.  The  sodium  carbonate  and  sodium 
hydroxide  solutions  were  acidified  with  dilute  sulphuric  acid 
and  extracted  with  ether.  Upon  drying  and  removal  of  the 
ether  a  semi-solid  residue  (6.3  grams)  was  obtained  from  the 
sodium  carbonate  solution,  and  a  yellowish  oil  (0.15  gram) 
from  the  sodium  hydroxide  solution.  The  residue  from  the 
sodium  carbonate  was  boiled  repeatedly  with  water  and  fil- 
tered through  a  hot-water  funnel  to  remove  benzoic  and  ben- 
zilic  acids.     These  were  separated  by  fractional  recrystalliza- 

1  Ann.  Chem.  (Liebig),  198,  160. 

2  Ber.  d.  chem.  Ges.,  36,  2+15. 
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tion  from  hot  ligroin  (b.  p.  40°  to  60°)  in  which  benzoic  acid 
is  readily  soluble,  and  benzilic  acid  is  only  verj^  slightly  so. 
Both  acids  were  thoroughly  identified.  Of  benzoic  acid  there 
were  2.2  grams,  and  of  benzilic  acid  less  than  o.i  gram. 
After  the  removal  of  benzoic  and  benzilic  acids,  4.2  grams  of 
a  yellow,  honey-like  substance  remained,  of  which  the  com- 
position and  constitution  are  doubtful.  Upon  analysis,  widely 
varying  results  were  obtained.  It  is  probably  the  so-called 
ethylbenzilic  acid  of  Jena  and  I^impricht.^  It  possessed  most 
of  the  properties  attributed  to  that  substance.  There  was, 
however,  a  notable  exception.  Jena  and  lyimpricht  found  that 
the  so-called  ethylbenzilic  acid  distilled  unchanged.  It  has 
been  found  by  me  to  decompose  violently  with  the  evolution 
of  carbon  dioxide  when  heated  to  70°  and  to  form  a  dark-red, 
viscous  oil.  On  heating  this  oil  to  260°,  a  very  small  quantity 
of  benzoic  acid  distilled  off,  and  when  the  temperature  was 
raised,  charring  began  and  little  or  nothing  passed  over  be- 
low 360°. 

The  following  results  are  typical  of   the   yields  which  were 
obtained  when  16  grams  of  benzoin  were  used  : 

Ethylbenzoin  1.75 
Hydrobenzoin,  isohydrobenzoin, 

and  their  dimolecular  anhydrides  4.9 

Benzyl  alcohol  1.9 

Benzoic  acid  2  2 

Benzilic  acid,  about  o.i 

Ethylbenzilic  acid  4.2 


15-05 
B.  Ethyl  alcohol  (specific  gravity  0.796  at  16°. 5)  was  used 
as  solvent  and  in  the  preparation  of  sodium  ethylate. 

To  a  solution  of  i  molecule  of  benzoin  (15  grams)  in  ethyl 
alcohol  (225  cc.)  a  solution  of  one  atom  of  sodium  (1.8  grams) 
in  ethyl  alcohol  (175  cc.)  was  added.  The  mixture  was 
allowed  to  solidify  and  then  was  boiled  in  a  water-bath  for 
twenty-six  hours,  using  a  reflux  condenser.  During  the 
boiling,  the  mixture  slowly  changed  color,  from  brownish- 
violet  to  pale  yellow,   and  all  of  the  solid  went  into  solution. 

1  Ann.  Chem.  (I^iebig),  155,  100. 
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The  end  of  the  reaction  was  not  reached  until  these  conditions 
were  realized.  The  alcohol  was  completely  distilled  and  the 
yellow  solid  remaining  thoroughly  digested  with  cold  water 
(500  cc.)-  The  insoluble  portion  (5.2  grams)  was  filtered 
and  proved  to  be  a  mixture  of  hydrobenzoin  and  isohydroben- 
zoin.  These  two  substances  were  separated  by  fractional 
recrystallization  from  hot  benzene.  Hydrobenzoin  is  less 
soluble  than  isohydrobenzoin  in  this  solvent,  and  separates 
in  large  monoclinic  crystals,  which  are  almost  pure,  from  a 
solution  of  the  mixture,  while  isohydrobenzoin  only  separates 
readily  after  hydrobenzoin  has  been  removed  and  the  filtrate 
considerably  concentrated.  Two-thirds  of  the  mixture  was 
hydrobenzoin  and  the  remainder  isohydrobenzoin. 

The  aqueous  filtrate  from  the  mixture  of  hydrobenzoin  and 
isohydrobenzoin  was  strongly  alkaline.  It  was  extracted  with 
ether  and  the  extract  dried  over  calcium  chloride.  On  re- 
moving the  ether,  the  residue  (2.6  grams)  solidified.  It  was 
made  up  of  hydrobenzoin  (0.8  gram),  isohydrobenzoin  (0.4 
gram),  the  dimolecular  anhydride  of  hydrobenzoin  (0.8 
gram),  and  the  dimolecular  anhydride  of  isohydrobenzoin 
(0.5  gram).  These  substances  were  separated  from  one 
another  by  making  use  of  their  differences  in  solubility  in  hot 
benzene,  alcohol,  and  ligroin  (b.  p.  40°  to  60°).  On  acidify- 
ing the  cold  alkaline  aqueous  residue  from  the  ether  extract, 
a  copious  cream-like  precipitate  (7.2  grams)  was  obtained 
which  consisted  of  benzoic  (1.2  grams),  traces  of  benzilic  acid, 
ethylbenzilic  acid  (4.9  grams),  and  or-benzoyl-o'-phenyl-a'- 
oxy-/5-phenyltetrahydrofurfurane  (1.9  grams,  vide  infra). 
These  substances  were  separated  from  one  another  in  the  fol- 
lowing way  :  The  mixed  precipitate  was  repeatedly  boiled  in 
water  and  filtered  through  a  hot- water  funnel.  The  filtrate 
was  cooled  and  extracted  with  ether  ;  the  ethereal  extract 
was  dried  over  calcium  chloride  and  the  ether  removed  by 
distillation.  Benzoic  and  benzilic  acids  remained  and  were 
separated  by  fractional  recrystallization  from  hot  ligroin  (b.  p. 
40°  to  60°).  The  residue  from  hot  water  was  dissolved  in  hot 
ethyl  alcohol.  This  solution,  on  cooling,  deposited  large 
prismatic    crystals    of    the    tetrahydrofurfurane    derivative. 
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Upon  evaporation  of  the  alcoholic  filtrate,  the  so-called  ethyl- 
benzilic  acid  was  left  as  a  honey-like  substance. 

The  following  results  are  typical  of  the  yields  which  were 
obtained  when  15  grams  of  benzoin  were  used. 


Hydrobenzoin 

4.2 

Isohydrobenzoin 

2.2 

Dimolecular  anhydride  of  hydro- 

benzoin 

0.8 

Dimolecular  anhydride  of  isohy- 

drobenzoin 

0.5 

Benzoic  acid 

2.2 

Benzilic  acid 

trace 

Ethylbenzilic  acid 

4-9 

Tetrahydrofurfurane  derivative 

1-9 

15-7 
Benzoin  with  Sodium,  Ethylate  and  Oxygen  at  go° . 

Ethyl  alcohol  (sp.  gr.  0.796  at  16°. 5)  was  used  as  solvent 
and  in  the  preparation  of  the  sodium  ethylate.  The  oxygen 
was  dried  and  purified  hy  passing  through  concentrated  sul- 
phuric acid  and  over  solid  potassium  hydroxide  and  soda- 
lime. 

To  a  solution  of  i  molecule  of  benzoin  (15  grams)  in  ethyl 
alcohol  (225  cc),  a  solution  of  i  atom  of  sodium  (1.8  grams)  in 
ethyl  alcohol  (175  cc.)  wasadded.  The  brownish-violet  mix- 
ture was  allowed  to  solidify,  and  then  was  boiled  in  a  water-bath 
for  twenty-three  hours,  using  a  reflux-condenser.  During  the 
boiling,  pure,  dry  oxygen  was  passed  into  the  mixture.  For 
the  first  three  hours  the  mixture  was  brownish- violet  in  color, 
afterwards  the  color  was  yellow  ;  upon  this  substance  oxygen 
seemed  to  have  little  or  no  effect.  If  the  tube  carrying  the  oxy- 
gen should,  by  chance,  become  plugged  before  the  end  of  three 
hours,  by  the  entrance  into  it  of  some  solid  from  the  mixture, 
the  latter  would  become  yellow,  but  the  brownish-violet  color 
could  be  immediately  restored  by  the  introduction  of  oxy- 
gen. The  reaction  was  complete  when  all  of  the  solid  was  in 
solution.  The  mixture  resulting  was  examined  as  in  Series 
B.  The  results  of  a  typical  case  were  as  follows  :  In  the 
neutral  portion,   benzaldehyde    (2.5  grams)    and   the  tetra- 
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hydrofurfurane  derivative  (1.7  grams)  were  found.  The 
acidic  portion  contained  benzoic  acid  (8.8  grams),  the  tetra- 
hydrofurfurane  derivative  (1.9  grams),  and  traces  of  benzilic 
acid. 

Discussion . 

From  the  facts  obtained  from  the  study  of  the  action  of  so- 
dium ethylate  upon  benzoin  at  25°,  it  seems  quite  clear  that 
the  substance  first  formed  cannot  be  an  addition-product  of 
benzoin,  analogous  to  the  one  obtained  by  Claisen,'  from  the 
interaction  of  benzaldehyde  and  sodium  ethylate,  for  Claisen 
has  shown  conclusively  that,  when  the  addition-product  is 
treated  with  water,  ethyl  alcohol  is  formed  as  one  of  the  de- 
composition products,  and  that  benzaldehyde,  which  was 
originally  present,  is  converted  quantitatively  into  benzyl  al- 
cohol and  benzoic  acid  by  its  interaction  with  sodium  hydrox- 
ide. Claisen  remarked,  in  this  connection,  that  the  results  of 
the  decomposition  are  the  same  as  those  which  are  obtainable 
by  the  interaction  of  benzaldehyde  and  aqueous  sodium  hy- 
droxide alone.  It  is  equally  clear  that  the  substance  cannot 
have  a  constitution  analogous  to  that  of  sodium  desoxyben- 
zoin,''  or  of  sodium  acetoacetic  ether,  for  the  reasons,  (i)  that 
Papcke^  was  unable  to  prepare  the  alkyl  benzoins  by  the  treat- 
ment of  the  substance  with  alkyl  iodides,  and  (2)  that,  since 
E.  Fischer*  has  prepared  the  alkyl  benzoins  by  the  condensa- 
tion of  benzoin  and  the  various  alcohols  with  hydrogen  chlo- 
ride, and  has  found  them  to  be  stable  substances  in  the  pres- 
ence of  sodium  hydroxide,  the  intermediate  formation  and 
subsequent  decomposition  of  the  alkyl  benzoins  could  not  be 
assumed. 

The  decomposition  of  the  crystalline  substance,  under  the 
influence  of  water  and  air,  into  benzoin,  benzoic  acid,  and  so- 
dium hydroxide,  when  considered  together  with  its  analysis, 
argues  very  strongly  in  favor  of  the  following  constitution  : 

1  Ber.  d.  chem.  Ges.,  20,  646. 
^  Ibid.,  ai,  1297. 
3  Ibid.,  21,  1335. 
*  Ibid.,  a6,  2413. 
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C,H-CH— O— C-QH, 

I  II 

C,H-C-(ONa)    C-QH, 

I  I 

o  o 

I  I 

C,H-CH— O— C-QH, 

I 
O 

I 
Na 

The  equation  representing  the  reaction  is  as  follows  : 

C,,H3ANa,  +  3H,0  +  20    = 

2Ci,H,.p,  +  2CH,0,  +  2NaOH. 

The  assumption  of  the  formation  of  a  substance  with  the 
above  constitutional  formula  is  in  a  measure  justified  by  the 
work  of  Beckmann,  Paul/  and  Nef.^  The  latter  investigator 
has  shown  that  the  substance  resulting  from  the  interaction 
of  benzil  and  sodium,  in  absolute  ether  solution,  has  the  con- 
stitution represented  by  the  following  formula  : 

Na 
O 
CeH-C-0-C-C,H, 

!         II  . 

C,H-C-0-C-C,H, 
O 

Na 

In  view  of  Nef's  work,  the  thought  was  justified  that,  since 
benzoin  is  so  easily  oxidized  to  benzil,  the  sodium  benzil 
compound  might  possibly  have  been  formed  instead  of  the 
substance  to  which  I  have  assigned  the  formula  given  above. 
In  order  to  establish  rigidly  that  the  substance  is  not  the 
sodium  compound  of  benzil,  the  following  experiment  was 
carried  out :  Fifteen  grams  of  the  crystalline  substance 
were  mixed  with  250  cc.  of  absolute  ether,  and  to  this 
were  added  1 1  grams  of  benzoyl  chloride.  The  whole  mix- 
ture was  heated  in  the  water-bath  until  there  was  no  further 
change.     The  solid  which  remained  was  filtered  off  and  was 

1  Ann.  Chem.  (Liebig),  266,  1-28. 
"^  Ibid.,  308,  284-292. 
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identified  as  benzoin.  The  ethereal  solution  was  set  aside, 
and  after  standing  over  night  deposited  more  benzoin.  After 
removal  of  benzoin,  the  ether  was  distilled,  and  the  residue 
examined  and  found  to  contain  benzoic  acid  and  unchanged 
benzoyl  chloride.  Not  a  trace  of  isobenzil  or  benzil  could  be 
detected. 

The  results  of  the  interaction  of  benzoin  and  sodium  ethyl- 
ate  in  Series  A  and  B  are  as  follows  : 

Series  A. 

Ethylbenzoin  i.y5 
Hydrobenzoin,   isohydrobenzoin,  and 

their  dimolecular  anhydrides  4.9 

Benzoic  acid  2.2 

Benzilic  acid  o.i 

Ethylbenzilic  acid  4.2 

Benzyl  alcohol  1.9 


15-05 

Series  B. 

Ethylbenzoin 

, , 

Hydrobenzoin,   isohydrobenzoin, 

and 

their  dimolecular  anhydrides 

7-7 

Benzoic  acid 

2.2 

Benzilic  acid 

trace 

Ethylbenzilic  acid 

4.9 

Benzyl  alcohol 

Tetrahydrofurfurane  derivative 

1-9 

15-70 

The  above  tabulation  of  results  shows  that  three  reactions 
have  taken  place  side  by  side  in  Series  B  :  (i)  The  sub- 
stance C^jHgjOjNa.,  has  been  formed  by  the  interaction  of  ben- 
zoin and  sodium  ethylate ;  (2)  this  substance  has  reacted 
with  ethyl  alcohol  and  traces  of  water,  under  the  influence  of 
sodium  ethylate,  to  produce  almost  molecular  quantities  of 
hydrobenzoin,  etc.,  benzilbenzoin  (intermediate  product), 
and  acetaldehyde  ;  (3)  benzilbenzoin  has  then  reacted  (a) 
with  alcohol  to  produce  ethylbenzilic  acid,  benzoin,  and 
benzaldehyde;  {b)  the  mixture  of  benzoin,  benzaldehyde,  and 
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acetaldehyde,  under  the  influence  of  sodium  ethylate,  has  re- 
acted to  produce  the  tetrahydrofurfurane  derivative  ;  and  {c) 
the  remaining  benzaldehyde  has  been  oxidized  to  benzoic  acid 
by  the  action  of  the  oxygen  of  the  air. 

The  following  equations  are  representative  of  the  reactions 
which  have  taken  place  : 

1.  3C,,H,A  +  2NaOC,H,     = 

C«H3,0,Na,  +  2C,H,OH  +  H,0  ,• 

2.  2C,,H,,05Na,  -f  6H,0  +  CH3— CH^OH     1= 

C^H.Oe  +  3CuH,0,  +  4NaOH  +  CH3CHO  ; 

(Benzilben-  (Hydroben-  (Aldehyde.) 

zoin.)  zoin.) 

3.  {a)  2C,H3A  +  4C,H,0H     = 

4C,H,03  +  C,,H,0,  +  2C,H,0  ; 
ib)  Q,H,,0,  H-  C,H,0  +  CH3CHO  =  C,3H,A+  H,0  ; 
{c)   C,H,0  +  O     r-     C,H,0, 

These  conclusions  are  justified  by  the  experimental  results 
and  by  the  observations  of  Klinger/  who  has  shown  (i)  that 
when  benzil,  in  an  aqueous  ethereal  solution,  is  exposed  to 
direct  sunlight  it  undergoes  changes  which  result  in  the 
formation  of  benzilbenzoin,  acetaldehyde,  and  traces  of  ben- 
zoic and  benzilic  acids  ;  (2)  that  benzilbenzoin,  when  treated 
for  an  hour  with  an  aqueous  solution  of  potassium  hydroxide 
(4  per  cent),  is  converted  into  benzil,  benzoin,  benzaldehyde, 
benzilic  acid,  and  some  benzoic  acid  ;  (3)  that  benzilbenzoin, 
when  heated  with  aqueous  potassium  hydroxide  (5  per  cent) 
until  all  of  the  yellow  drops  of  benzil  have  gone  into  solution, 
is  converted  into  benzilic  acid  to  the  extent  of  63.6  per  cent. 
The  other  product  is  benzoin  (36.4  per  cent). 

In  Series  A,  the  same  three  reactions  have  taken  place 
as  in  Series  B,  but  to  a  less  extent.  The  differences  are 
due  undoubtedly  to  the  presence  of  8  per  cent  of  water  in  the 
ethyl  alcohol  used  in  Series  A.  This  water  has  reacted 
with  sodium  ethylate  and  produced  sodium  hydroxide  in 
relatively  large  quantity.  Ethylbenzoin  has  resulted  from 
the  replacement  of  the  alcoholic  hydrogen  in  the  secondary 

1  Ber.  d.  chem.  Ges.,  19,  1864. 
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alcoholic  grouping  in  benzoin  by  the  ethyl  radical.^  The 
presence  of  benzyl  alcohol,  and  a  relatively  large  amount 
of  benzoic  acid,  indicates  (i)  that  the  decomposition  of  ben- 
zilbenzoin  into  benzaldehyde,  etc.,  which  was  first  observed 
by  Klinger,^  has  taken  place  to  a  greater  extent  in  Series  A 
than  in  Series  i5  ;  and  (2)  that,  on  account  of  the  presence 
in  the  mixture  of  a  considerable  quantity  of  sodium  hydrox- 
ide, the  benzaldehyde  has  undergone  hydrolysis,  producing 
benzoic  acid  and  benzyl  alcohol. 

The  direction  of  the  reaction  which  takes  place  between 
benzoin  and  sodium  ethylate  when  oxygen  is  present  in  large 
quantities,  has  been  changed  considerably  from  that  of  Series 
B.  Reactions  (i),  (2),  and  (3)  b  and  f  of  Series  v5  have 
taken  place,  while  reaction  (3)  a  has  not.  The  absence  of 
hydrobenzoin,  and  the  presence  of  benzaldehyde  and  a  rela- 
tively large  amount  of  benzoic  acid  in  quantity  almost  equiva- 
lent to  that  of  hydrobenzoin,  etc.,  in  Series  B,  can  be 
explained  by  the  fact  that  hydrobenzoin  is  easily  oxidized  to 
benzaldehyde.  Auwers^  has  shown  that  the  h5'drobenzoins 
and  their  dimolecular  anhydrides  are  readily  oxidized  by 
chromic  acid,  or  dilute  potassium  permanganate,  to  benzalde- 
hyde. Oxygen,  in  the  presence  of  sodium  ethylate,  has  oxi- 
dized hydrobenzoin  to  a  mixture  of  benzaldehyde  and  benzoic 
acid.  As  oxygen  seemed  to  have  little  or  no  effect  after  the 
first  three  hours'  boiling  of  the  mixture,  and  as  the  reaction 
required  twenty-three  hours  for  completion,  it  appears  very 
probable  that  the  view  expressed  regarding  the  course  of  the 
reactions  in  Series  B,  is  the  correct  one. 

It  will  also  be  noted  that  the  present  study  has  resulted  in 
the  establishment  of  the  following  facts:  (i)  that  the  so-called 
ethylbenzoin  of  Jena  and  I^impricht*  is  a  mixture  of  hydro- 
benzoin, isohydrobenzoin,  and  their  dimolecular  anhydrides. 
Jena  and  Limpricht  state  that  the  substance  which  they  ob- 
tained is  oxidized  by  nitric  acid  to  benzoin,  and  is  not  affected 
by  sodium  amalgam.     These  two  reactions  agree  with  the 

1  Ber.  d.  chem.  Ges.,  a6,  2415. 

2  Ibid.,  19,  1867. 
»  Ibid.,  34,  1778. 

♦  Anu.  Chem.  (lyiebig),  155,  96. 
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well-known  reactions  of  hydrobenzoin,  etc.,  as  shown  by 
Auwers/  E.  Fischer^  has  shown  that  the  alkyl  benzoins  are 
readily  oxidized  by  nitric  acid  to  benzil  ;  (2)  that  the  so- 
called  isodesoxybenzoinpinacone  of  Jena  and  Ivimpricht^  is  a 
mixture  of  ethylbenzoin,  isohydrobenzoin,  and  its  dimolecu- 
lar  anhydride  ;  (3)  that  the  so-called  ethyldibenzoin  of  Jena,* 
Ivimpricht  and  Schwanert,^  Jena  and  Limpricht,^  and  Japp  and 
Owen,'  is  a-benzoyl-a-phenyl-a'-oxy-/S-phenyltetrahydrofur- 
furane;  and  (4)  that  the  substance,  to  which  Jena  and  Limp- 
richt®  assigned  the  formula,  C^f^H^jO,  is  the  dimolecular  anhy- 
dride of  isohydrobenzoin  in  an  impure  form.  This  substance 
was  prepared  by  distilling  the  so-called  isodesoxybenzoin 
pinacone  with  dilute  sulphuric  acid.  Breuer  and  Zincke* 
have  shown  that  isohydrobenzoin,  by  distillation  with  dilute 
sulphuric  acid  (20  per  cent.),  is  converted  into  its  dimolecular 
anhydride,  which  melts,  when  pure,  at  102°. 5. 

Study  of  the  Tetrahydrofurfurane  Derivative. 

CH— CH— (OH) 

\ 
O 

/ 
CeH^— CH  —  C— CO— C.H5 

CeH, 

The  tetrahydrofurfurane  derivative  is  prepared  and  sepa- 
rated as  described  above.  It  melts,  when  recrystallized  from 
either  alcohol,  benzene,  or  acetic  acid,  at  195'.  On  analysis 
and  molecular  weight  determination,  figures  were  obtained 
agreeing  with  the  formula,  C^jHjqO.,. 

I.  0.1976  gram  gave  0.5839  gram  CO^  and  0.1126  gram 
H,0. 

1  Ber.  d.  chem.  Ges.,  24,  1778. 

2  Ibid.,  26,  2413. 

'  Ann.  Chem.  (Liebig),  155,  98. 
*  Ibid.,  15s,  79. 

5  Ber.  d.  chem.  Ges.,  4,  336. 

6  Ann.  Chem.  (Liebig),  155,  92. 
^  Ber.  d.  chem.  Ges.,  18,  175. 

8  Ann.  Chem.  (Liebig),  155,  99. 

9  Ibid.,  198,  182. 
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II.  0,2072  gram  gave  0.6122  gram  CO^  and  0.1162  gram 
H,0. 

III.  0.1400  gram  gave  0.41 15  gram  CO,  and  0.0756  gram 
H,0. 


Calculated  for 

Found. 

C23H00O3. 

I. 

II. 

III. 

c 

80.23 

80.60 

80.58 

80.18 

H 

5-81 

6.30 

6.23 

6.00 

Molecular  weight  determination,  by  the  boiling-point 
method,  with  benzene  as  solvent,  was  as  follows  : 

0.1082  gram  gave  an  deviation  of  0°. 036  in  23.1  grams  of 
the  solvent. 

Calculated  for 

Ca^H-iuOj.  Found. 

344  347 

The  substance  is  insoluble  in  aqueous  solutions  of  sodium 
carbonate,  sodium  hydroxide,  potassium  hydroxide,  and 
barium  hydroxide,  but  is  soluble  in  alcoholic  solutions  of 
these  substances,  and  may  be  reprecipitated  by  the  addition 
of  acid.  It  is  insoluble  in  hot  ligroin  (b.  p.  40°  to  60°),  solu- 
ble in  hot  benzene,  alcohol,  ether,  acetic  acid,  and  chloro- 
form. With  concentrated  sulphuric  acid  it  gives  a  deep  yel- 
low coloration,  which  changes  to  dark-red  on  warming.  Di- 
lute alcoholic  solutions  of  the  substance  produce  a  deep  red 
coloration  with  ferric  chloride. 

Phenylhx'drazine,  hydroxylamine,  and  bromine  in  chloro- 
form solution  do  not  interact  with  it.  Chromic  acid  oxidizes 
it  to  benzoic  acid  and  carbon  dioxide.  In  the  presence  of  air, 
ethyl  alcohol,  saturated  with  hydrogen  chloride  gas,  con- 
verts it  partially  into  cinnamic  ethyl  ester  and  benzil. 

Oxidation  of  the  Tetrahydrofurfurane  Derivative. 

If  reference  be  made  to  the  method  of  preparation  of  this 
derivative,  it  will  be  noted  that,  after  the  removal  of  alcohol, 
hydrobenzoin,  etc.,  an  alkaline  filtrate  is  left  from  which  the 
derivative  can  be  obtained  by  acidification.  If  this  alkaline 
filtrate  is  treated  in  the  cold  with  the  calculated  amount  of 
potassium  permanganate,  the  latter  is  instantly  reduced. 


Calculated  for 

Cj^HigOs. 

80.70 

5-27 
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On  examination  of  the  products,  it  was  found  that  instead 
of  the  tetrahydrofurfurane  derivative,  /?-phenyl-7-phenyl-;K- 
benzoylbutyrolactone  had  been  formed.  The  butyrolactone 
derivative  was  separated  from  the  reaction  mixture  by  the 
same  processes  which  were  used  in  the  isolation  of  the  tetra- 
hydrofurfurane derivative.  It  was  recrystallized  from  ethyl 
alcohol,  and  when  pure  melted  at  138°. 5.  On  analysis,  the  fol- 
lowing results  were  obtained  : 

I.  0.2951  gram  substance  gave  0,8692  gram  CO^  and  0.1451 
gram  H5O. 

II.  0.1924  gram  substance  gave  0.5650  gram  COj  and 
0.0922  gram  H^O. 

Found. 
I.  II. 

80.33  80.09 

5-46  5-32 

This  substance  is  soluble  in  hot  alcohol,  acetic  ether,  ben- 
zene, and  chloroform,  and  almost  insoluble  in  hot  ligroin  (b. 
p.  40°  to  60°).  No  interaction  takes  place  between  it  and 
phenylhydrazine,  hydroxylamine,  acetyl  chloride,  acetic  an- 
hydride, bromine,  or  alcoholic  ammonia  (in  sealed  tubes  at 
200") . 

The  tetrahydrofurfurane  derivative,  when  warmed  on  the 
water-bath  with  nitric  acid  (sp.  gr.  1.33),  is  oxidized  to  the 
butyrolactone  derivative. 

Acetate  of  the  Tetrahydrofurfurane  Derivative. 

If  the  tetrahydrofurfurane  derivative  is  boiled  with  a  mix- 
ture of  acetic  anhydride  and  fused  sodium  acetate,  a  solution 
is  obtained  which,  on  being  poured  into  a  large  excess  of 
water,  produces  a  white  solid;  this,  upon  repeated  recrystal- 
lization  from  hot  alcohol,  forms  large  transparent  plates,  melt- 
ing at  145°.  After  careful  drying  at  100°,  figures  were  ob- 
tained showing  it  to  be  the  monoacetyl  derivative. 

0-I945  grani  substance  gave  0.5516  gram  CO^  and  0.1033 
gram  HjO. 

Calculated  for 

C85H22O4.  Found. 

C  77.71  77.34 

H  5.69  5.90 
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It  is  soluble  in  cold  benzene,  ether,  acetic  ether,  hot  alco- 
hol, and  acetic  acid  ;  insoluble  in  ligroin  (b.  p.  40°  to  60°). 
By  saponification  with  alcoholic  potassium  hydroxide  it  is 
converted  into  the  tetrahydrofurfurane  derivative.  With 
concentrated  sulphuric  acid  it  gives  a  deep  red  coloration. 

By  fusion  with  solid  potassium  hydroxide,  the  tetrahydro- 
furfurane derivative  is  converted  into  benzoic  acid,  cinnamic 
acid,  and  some  acetic  acid.  The  fusion  is  best  carried  out  as 
follows  :  Three  grams  of  finely  powdered  substance  are 
gradually  added  to  a  fused  mass  of  30  grams  of  potassium 
hydroxide  at  200°,  and  the  mixture  thoroughly  stirred.  After 
maintaining  this  temperature  for  ten  minutes  the  mass  be- 
comes yellow,  and  the  odor  of  benzoic  acid  is  detectable. 
The  substance  is  allowed  to  cool,  dissolved  in  water,  and  any 
unchanged  tetrahydrofurfurane  derivative  filtered  off.  The 
filtrate  is  acidified  with  dilute  hydrochloric  acid  and  ex- 
tracted with  ether.  The  residue,  after  the  removal  of  the 
ether,  was  found  to  contain  the  acids  mentioned  above.  Ben- 
zoic acid  was  separated  from  cinnamic  acid  by  sublimation, 
as  well  as  by  fractional  recrystallization  from  hot  ligroin  ( b. 
p.  40°  to  60°).  The  acids  were  identified  b}'^  their  ethyl  esters, 
solubilities,  and  melting-points. 

Constitution  of  the  Tetrahydroftirfurane  Derivative . 

The  formation  of  a  monoacetyl  derivative,  the  partial  de- 
composition into  cinnamic  ethyl  ester  and  benzil,  the  oxida- 
tion to  benzoic  acid  and  carbon  dioxide  with  chromic  acid, 
the  oxidation  to  the  butyrolactone  derivative  with  potassium 
permanganate  or  nitric  acid,  and  the  decomposition  into  ben- 
zoic acid,  cinnamic  acid,  and  acetic  acid  by  fusion  with  potas- 
sium hydroxide,  all  accord  with  the  view  of  its  constitution  ad- 
vanced above  ;  but  this  receives  its  greatest  support  from  the 
fact  that  the  tetrahydrofurfurane  derivative  may  be  readily 
prepared  by  the  direct  addition  of  benzoin  to  cinnamic  alde- 
hyde, under  the  influence  of  dilute,  absolute  ethyl  alcoholic 
solution  of  sodium  ethylate. 

The  conditions  under  which  the  tetrahydrofurfurane  deriv- 
ative was  prepared  were  as  follows  :     One  molecule  of  pure 
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benzoin  (6.4  grams)  and  i  molecule  of  cinnamic  aldeh3^de  (4 
grams)  were  dissolved  in  absolute  ethyl  alcohol  (150  cc), 
and  to  the  mixed  liquids  a  solution  (0.5  gram  sodium  in  30 
cc.  alcohol)  of  sodium  ethylate  (2  cc.)  was  added.  The 
mixture  assumed  a  deep  wine  color.  After  standing  at  the 
ordinary  temperature  for  several  hours,  beautiful  white  crys- 
tals separated,  which,  on  recrystallization  from  hot  alcohol, 
melted  at  195°.  Enough  water  was  added  to  the  mother- 
liquor  to  produce  a  cloudiness,  and  in  the  course  of  an  hour 
rosettes  of  needles  separated.  These  were  recrystallized  from 
alcohol  and  melted  at  160"  to  161°.  (The  study  of  this  latter 
substance  is  postponed.) 

The  analyses  and  molecular  weight  determination  of  the 
substance,  melting  at  195°,  showed  it  to  be  Cj^H^^Oa. 

I.  0.2220  gram  gave  0.6522  gram  CO^  and  0.1227  gram 
H,0. 

II.  0.1838  gram  gave  0.5430  gram  CO^  and  0.1227  gram 
H,0. 

III.  0.2367  gram  gave  0.6949  gram  CO,  and  0.1343  gram 
H,0. 

Calculated  for  Found. 

C23H20O3.  I.  II.  in. 

C  80.23  80.12         80.56        79.76 

H  5.81  6.14  5.82  6.28 

The  molecular  weight  determination  by  the  boiling-point 
method,  using  benzene  as  the  solvent,  resulted  as  follows  : 

0.1249  gram  gave  an  elevation  of  0.035°  i"  27.66  grams  of 
the  solvent. 

Calculated  for 

C23H00O3.  Found. 

344  346 

This  substance  may  be  mixed  in  any  proportions  with  the 
compound  obtained  from  benzoin  and  sodium  ethylate  alone, 
without  change  in  the  melting-point  of  either  specimen.  The 
solubilities  of  the  two  substances  are  the  same,  and  both  show 
identical  chemical  properties.  With  phenylhydrazine,  hy- 
droxylamine,  etc.,  there  is  no  interaction. 

One  molecule  of  the  substance   was  dissolved  in   glacial 
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acetic  acid,  and  5  molecules  of  acetyl  chloride  gradually  added 
to  the  boiling  solution,  using  a  reflux  condenser.  The  boil- 
ing was  continued  for  an  hour,  the  mixture  cooled,  and  water 
added  until  a  cloudiness  appeared.  In  a  short  time  large 
glittering  crystals  separated,  which,  after  recrystallization 
from  hot  alcohol,  melted  at  145°.  The  analysis  showed  it  to 
be  the  mono- acetyl  derivative. 

0.2618  gram  gave  0.7467  gram  CO^  and  0.1366  gram  H.O. 

Calculated  for 

C25H22O4.  Found. 

C  77.71  77.40 

H  5.69  5.79 

By  saponification  with  alcoholic  potash  the  acetyl  deriva- 
tive was  reconverted  into  the  original  substance.  The  com- 
pound may  be  mixed  in  any  proportion  with  the  acetate  of 
the  tetrahydrofurfurane  derivative  without  change  in  the 
melting-point. 

It  has  been  shown  by  Professor  Alexander  Smith,'  and  \)\ 
the  author,^  that  benzoin  adds  itself  to  benzylidene  acetone  or 
its  homologues  to  form  1,5-diketones,  which,  by  loss  of  water 
and  ring  formation,  are  converted  into  -J^'^^to-R-hexene  de- 
rivatives. Analogy  leads  me  to  assign  to  the  substance  re- 
sulting from  the  addition  of  benzoin  to  cinnamic  aldehyde  the 
constitutional  formula  given  above. 

The  formation  of  the  tetrahydrofurfurane  derivative  as  one 
of  the  products  of  the  interaction  of  benzoin  and  sodium  ethyl- 
ate  can  be  explained  by  the  assumption  that  there  has  been 
formed,  intermediately,  cinnamic  aldehyde,  or  a  mixture  of 
benzaldehyde  and  acetaldehyde;  benzoin  then  reacts,  under 
the  influence  of  sodium  ethylate,  to  produce  the  tetrahydro- 
furfurane derivative.  Peine^  and  Claisen*  have  shown  that 
cinnamic  aldehyde  results  from  the  interaction  of  benzalde- 
hyde and  acetaldehyde  in  the  presence  of  sodium  hydroxide 
or  sodium  ethylate.  As  will  be  shown  later  benzoin  reacts 
incompletely  with  sodium  ethylate  to  produce  benzaldehyde. 

1  Ber.  d.  chem.  Ges.,  26,  65. 
*  This  Journal,  31,  143. 
'^  Ber.  d.  chem.  Ges.,  17,  2117. 
<  Ibid.,  ao,  657. 
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Magnus-Lahens,'  Marchand  and  Menard,'  and  Kramer  and 
Pinner^  have  shown  that  ethyl  alcohol,  under  various  condi- 
tions, in  the  presence  of  air,  is  partially  converted  into  acet- 
aldehyde. 

The  study  of  similar  reactions  as  applied  to  other  ketols 
will  be  continued  in  this  laboratory. 

In  conclusion,  I  wish  to  express  my  most  sincere  thanks  to 
Professor  Alexander  Smith  for  the  many  favors  which  he  has 
shown  me  during  the  work  of  the  present  paper. 

Peck  Chemical  Laboratory, 

Wabash  College, 

Crawfordsville,  Ind. 


Preliminary  Contribution  from  the  Chemical  Laboratory  of  Johns  Hopkins  University. 

ON  THE  ACETYL  DERIVATIVES  OF  PHENYE- 
URAZOEE. 

By  S.  F.  Acree. 

At  the  beginning  of  this  investigation  only  three  acetyl  de- 
rivatives of  phenylurazole  had  been  made  ;  namely,  phenyl- 
acetylurazole,  m,  p.  175°,  phenyldiacetylurazole,  m.  p.  165°, 
and  i-phenyl-4-methylacetylurazole,  m.  p.  113°  to  115°.  As 
nothing  definite  was  known  in  regard  to  the  position  of  the 
acetyl  groups  in  these  compounds,  the  first  problem  that  pre- 
sented itself  was  the  determination  of  the  position  of  the 
acetyl  group  and  of  the  hydrogen  atom  belonging  to  the  ura- 
zole  ring  in  phenylacetylurazole. 

There  are  ten*  possible  tautomeric  formulas  for  this  phenyl- 
acetylurazole, and  four  possible  positions  for  the  acetyl  group. 

It  had  been  found  that  diazomethaUe*  reacts  very  readily  with 
the  urazoles  even  at  — 20°,  whereby  methyl  derivatives  are 
formed.     It  was,  therefore,  hoped  that  the  action  of  diazo- 

1  J.  prakt.  Chem.,  65,  313- 

2  Ibid.,  6s,  138. 

*  Ber.  d.  chem.  Gee.,  2,  4.01. 

*  Acree  :  This  Journal,  27,  118  ;  Ber  d.  chem.  Ges.,  35,  553.  An  example  of  tau- 
tomerism  in  the  urazole  series  recently  discovered  by  Busch  (Busch  and  Opfer- 
mann  :  Ber.  d.  chem.  Ges.,  37,  2333)  now  makes  it  necessary  to  recognize  the  possi- 
bility of  a  larger  number  of  these  tautomeric  forms. 

*  Acree  :  Ber.  d.  chem.  Ges.,  36,  3139.  , 
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methane  on  Pinner's  phenylacetylurazole,  and  on  others  that 
I  might  make,  could  be  carried  out  under  conditions  which 
would  prevent  the  rearrangement  of  the  phenylacetylurazole 
or  of  the  methylated  products.  The  determination  of  the 
constitution  of  the  phenylmethylacetylurazole  would  proba- 
bly simultaneously  give  the  constitution  of  the  phenylacetyl- 
urazole. 

Accordingly,  a  sample  of  phenylacetylurazole  was  made 
by  Mr.  F.  B.  Laist,  following  Cuneo's  directions.'  It 
melted  at  173°,  and  analysis  and  titrations  showed  it  to 
be  pure.  When  the  substance  was  treated  with  diazomethane, 
under  definite  conditions,  there  was  obtained  i-phenyl- 
4-methylacetylurazole,^  which  melted  at  94°,  I  repeated 
Mr.  Laist's  experiments  and  obtained  the  same  substance 
melting  at  94°.  When  this  was  melted  and  allowed  to 
solidify,  or  was  heated  to  140°  and  allowed  to  solidify,  it  sub- 
sequently melted  at  113°  to  115°.  The  same  rearrangement 
was  found  to  have  taken  place  spontaneously  when  the  origi- 
nal substance  was  examined  a  few  months  after  its  prepara- 
tion. The  rearranged  product,  melting  at  113°  to  115°,  was 
found  to  be  identical  with  Busch's  i-phen3d-4-methylacetyl- 
urazole,'  m.  p.  113°  to  115°,  which  was  made  by  the  action  of 
acetic  anhydride  and  sodium  acetate  on  i-phenyl-4-methyl- 
urazole.  The  substances  had  the  same  solubilities  and  crystal- 
line form,  and  a  mixture  of  the  two  preparations  melted  at  113° 
to  115°.  Apparently,  then,  I  had  here  two  different  i-phenj'l- 
4-methylacetylurazoles.  Provided  they  are  not  physical  iso- 
mers, the  one  melting  at  94°  would  probably  best  be  repre- 
sented by  Formula  III.,  and  that  melting  at  113°  to  115°  by 
Formula  IV. 

'  Centrbl.,  i,  38  (1S9S). 

-  Acree  :  Ber.  d.  chcm.  Ges.,  36,  3143. 

^  Ibid.,  34,  2333  (1901).  In  Professor  Busch's  article  this  substance  was  de- 
scribed as  having  the  melting-point  129'.  At  my  request,  Professor  Busch  deter- 
mined the  melting-point  of  a  sample  of  this  substance  still  on  hand  and  found  it  to 
be  113*  to  115*.  The  mistake  in  the  melting-point  is  therefore  due  to  a  clerical 
error.  I  take  this  occasion  to  thank  my  colleague  for  kindnesses  shown  me  on  many 
occasions. 
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As  it  was  desired  to  subject  these  two  substances  to  further 
chemical  reactions  to  determine  the  correctness  of  these  for- 
mulas, some  months  later,  in  the  University  of  Berlin, 
I  attempted  to  prepare  a  large  quantity  of  the  substance 
melting  at  94°.  The  former  experiments  were  repeated 
several  times,  apparently  under  the  conditions  that  had  pre- 
viously been  successful,  but  in  every  case  only  the  substance 
melting  at  113°  to  115°  was  obtained.  Other  experiments,  in 
which  the  temperature  and  pressure  were  varied  widely,  also 
gave  the  higher  melting  isomer.  Then  it  was  discovered 
that  the  same  sample  of  phenylacetylurazole,  which,  when 
treated  with  diazomethane  a  few  months  before,  had  yielded 
the  lower  melting  isomer,  now  gave  the  higher  melting  com- 
pound under  the  same  conditions.  Briefly,  a  certain  sample 
of  phenylacetylurazole,  m.  p.  173°,  gave  with  diazomethane 
i-phenyl-4-methylacetylurazole,  m.  p.  94°,  which  easily  rear- 
ranged into  another  i-phenyl-4-methylacetylurazole,  melting 
at  113°  to  115°.  A  few  months  later  the  same  sample  of 
phenylacetylurazole,  still  melting  at  173°,  gave,  with  diazo- 
methane, directly  the  113°  to  115°  isomer.  Provided  physical 
isomerism  is  excluded,  which  must  be  established  by  subjecting 
the  substances  to  further  chemical  reactions,  the  first  sample 
of  phenylacetylurazole  probably  had  the  labile  formula  (I.) 
and  rearranged  (at  least  partly)  into  the  stable  substance 
with  Formula  II. 
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Several  samples  of  this  phenylacetylurazole,  melting  at 
175°,  were  made  b}-  the  action  of  acet5'l  chloride  or  acetic  an- 
hydride on  phenylurazole,  and  on  silver  phenylurazole.  When 
treated  with  diazomethane  these  all  gave  the  isomer  melting 
at  113°  to  115°.  i-Phenyl-4-methylurazole,  or  its  silver  salt, 
treated  with  acetyl  chloride  or  acetic  anhydride,  yields  only 
the  isomer  melting  at  113°  to  115°.  Although  in  many  ex- 
periments the  temperature  was  kept  at  — 20°,  the  labile  form' 
melting  at  94°,  was  never  again  obtained. 

Qualitative  experiments  on  the  94°  melting-point  isomer, 
and  on  the  one  melting  at  113°  to  115°,  showed  that  the  labile 
form  is  more  readily  hydrolyzed  by  alkalies.  I  suspect  that,  in 
some  of  these  products,  I  have  mixtures  of  the  labile  and  the 
stable  forms,  melting  at  the  point  of  fusion  of  the  stable  form, 
and  I  am  now  investigating  this  further. 

It  is  highl}'  probable  that  phenylacetylurazole,  prepared 
according  to  Cuneo,  consists  generally  of  a  mixture  of  two 
substances,  represented  by  Formulas  I.  and  II.  ;  the  first  for- 
mula represents  the  labile  form,  and  the  second  one  the  sta- 
ble substance. 

The  normal  reaction  product  of  acetyl  chloride  on  mono- 
silver  phenylurazole  should  be  phenylacetylurazole.  I  al- 
ways find  this  to  be  the  chief  product  of  the  reaction,  a  small 
amount  of  phenyldiacetylurazole,  melting-point  165',  oc- 
curring as  a  secondary  reaction  product.'  The  phenylacetyl- 
urazole obtained   in  my  first  experiment  was  impure.'' 

Wheeler  and  Johnson'^  describe  the  sole  reaction  product  as 
a  labile  phenyldiacetylurazole,  no  phenyl  acetylurazole  being 
obtained  by  them.  I  have  never  observed  the  formation  of 
this  labile  phenyldiacetylurazole,  but  this  may  be  due  to  the 
fact  that  the  conditions  under  which  my  experiments  were 
performed  were  not  the  same  as  in  those  of  Wheeler  and  John- 
son. 

Similarly,  Wheeler  and  Johnson  state  that,  by  the  action  of 
ethyl  iodide  on  mono-silver  phenylurazole,  they  were  able  to 
obtain  i-phenyl-3,5-diethoxyurazole  and  phenylurazole,  but 

'  Acrce  :  Ber.  d.  chem.  Ges.,  36,  3143  ;  This  Journai,,  31,  188. 
2  Acrce  :  This  Journal,  27,  132  ;  Ber.  d.  chem.  Ges.,  35,  560. 
2  This  Journal,  30,  24. 
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no  i-phenyl-3-ethoxyurazole.  This  i-phenyl-3-ethoxyurazole 
should  be  the  normal  reaction  product,  and  is  the  chief  one^  ; 
small  amounts  of  i-phenyl-3,5-diethoxyurazole  and  phenyl- 
urazole  occur  as  secondary  reaction  products. 

I  have  made  it  clear  why  Wheeler  and  Johnson  failed  to 
obtain  the  i-phen5d-3-ethoxyurazole  formed  in  this  reaction. 
They  extracted  an  ethereal  solution  containing  i-phen54-3,5- 
diethoxyurazole  (insoluble  in  alkalies)  and  i-phenyl-3-eth- 
oxyurazole  (soluble  in  alkalies),  with  an  alkaline  solution, 
thereby  removing  the  i-phenyl-3-ethoxyurazole  from  the  ether 
solution.  They  then  examined  the  latter  and  found  the 
i-phenyl-3,5-diethoxyurazole.  They  forgot  to  examine  the 
alkaline  solution,  and  consequently  failed  to  find  the  i-phenyl- 
3-ethoxyurazole. 

The  following  experiment  is  a  repetition  of  Wheeler  and 
Johnson's  work.  Pure  mono-silver  phenylurazole  (2.5 
grams)  was  suspended  in  30  cc.  ether  and  2.0  grams  of  ethyl 
iodide,  and  the  mixture  shaken  at  intervals  during  four  days. 
The  ether  solution  was  then  filtered,  and  the  residue  of  silver 
iodide  extracted  twice  with  ether.  The  filtered  ether  solu- 
tions were  combined  and  shaken  well  with  25  cc.  normal  po- 
tassium hydroxide  solution,  in  a  separatory  funnel.  The  alka- 
line solution  was  separated  from  the  ether,  and  acidified  ;  a 
precipitate  was  obtained,  which,  when  crystallized  from  50 
per  cent,  alcohol,  weighed  0.80  gram,  melted  at  152°,  and 
showed  the  characteristic  properties  of  i-phenyl-3-ethoxyura- 
zole.  The  ether  solution  was  evaporated  and  a  residue  was 
obtained  which  soon  solidified;  it  weighed  0.35  gram  and  was 
identical  with  i-phenyl-3,5-diethoxyurazole.  In  this  experi- 
ment, then,  I  obtained  0.80  gram  i-phenyl-3-ethoxyurazole 
and  0.35  gram  i-phenyl-3,5-diethoxyurazole. 

I  have  pointed  out  twice*  before  that  the  i-phenyl-3-ethoxy- 
urazole  first*  obtained  by  this  reaction  was  slightly  impure 
(melting-point  141°  instead  of  152°)  and  was  incorrectly  de- 
scribed as  insoluble  in  alkalies.     The  pure  substance  has  been 

'  Ber.  d.  chem.  Ges.,  36,  3147- 

'  This  Journal,  31,  186. 

'  Ber.  d.  chem.  Ges.,  36,  3140,  3146  ;  This  Journal,  31,  185. 

*This  Journal,  27,  131  ;  Ber.  d.  cheiu.  Ges.,  35,  559. 
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proved  to  have  the  constitution  assigned  to  it,  and  to  be  identi- 
cal with  the  phenylethoxyurazole  made  by  Wheeler.^ 
Part  of  this  work  was  done  at  the  University  of  Utah. 

Chicago,  July  27,  1904. 

OBITUARY. 

CLEMENS   WINKLER. 

The  death  of  Clemens  Winkler  took  place  October  8, 
at  Dresden.  He  was  born  December  26,  1838,  in  Freiberg, 
Saxonj',  where  he  spent  practically  his  whole  life  ;  he  was  a 
student,  and  subsequently,  in  1873,  became  Professor  of 
Chemistry,  in  the  "  Bergakademie, "  there.  His  Ph.D.  was 
obtained  from  lyeipzig.  Winkler's  discovery  of  germanium, 
in  1886,  was  of  unusual  interest  because  the  existence  of  this 
element,  under  the  name  of  ekasilicon,  had  been  foretold  by 
Mendeleeff  fifteen  years  previously. 

The  contact  process  for  the  production  of  sulphur  trioxide, 
and  therefore  of  fuming  sulphuric  acid,  although  originated 
by  Winkler,  became  a  technical  success  only  in  consequence 
of  the  more  recent  work  of  chemists  attached  to  the  Badische 
Anilin-Soda  Fabrik.  W^inkler's  specialty  was  analysis  ;  he 
worked  out  a  number  of  volumetric  and  gravimetric  methods 
of  various  kinds,  but  his  name,  in  this  department  of  chemis- 
try, is  most  familiar  in  connection  with  technical  gas  analysis. 
By  his  novel  apparatus  and  through  his  books  on  the  subject, 
which  appeared  in  1876  and  1885,  as  well  as  by  his  teaching, 
he  effected  something  like  a  revolution  in  certain  industrial 
processes,  and  enabled  them  to  be  placed  on  a  scientific  basis. 
On  account  of  ill-health  his  teaching  activities  have  been 
much  restricted  since  1802. 
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The  Ei-Ements  of  Chemistry.  Bv  M.  M.  Pattison-Muir,  M.A.,  Fel- 
low and  Praelector  in  Chemistry,  of  Gonville  and  Caius  College, 
Cambridge.     London  :  J.  and  A.  Churchill.     1904.     pp.  554. 

Here  is  another  effort  to  present  the  elements  of  chemistry 
in  a  scientific  way.  The  author  says  :  "  The  objects  of  this 
book  are:  To  present  some  of  the  fundamental  facts,  generali- 
zations, principles,  and  theories  of  chemistry,  lucidly,  me- 
thodically, and  suggestively  ;  to  train  the  student  in  a  few  of 
the  methods  of  investigation  and  reasoning  which  have  been 
used  in  the  past,  and  some  of  the  methods  which  are  used  to- 
day, for  discovering  and  co-ordinating  the  connections  between 

1  J.  Am.  Chem.  Soc,  1900,  p.  377. 
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the  properties  and  the  compositions  of  systems  of  homogene- 
ous substances;  to  attempt  to  lay  the  foundations  of  chemistrj' 
in  such  a  way  that  the  student  may  be  prepared  to  go  more 
deeply  into  the  science  if  he  wishes  so  to  do. 

"I  have  avoided  minute  details  of  special  facts  which  have 
not  a  direct  bearing  on  the  general  development  of  the  science. 
Of  course,  I  have  omitted  vast  quantities  of  chemical  facts  of 
great  importance. 

"I  hope  I  have  not  merely  added  one  more  illustrated  cata- 
logue of  chemical  odds  and  ends  to  the  many  which  have  al- 
ready appeared  under  the  title  of  "  A  Text- book  of  Chemis- 
try.'' 

The  book  contains  twenty-six  chapters  and  an  appendix, 
the  titles  of  which  are:  I.  Some  of  the  marks  of  those  changes, 
the  elucidation  whereof  is  the  subject  of  chemistr)\  II.  The 
study  of  composition  ;  the  laws  of  chemical  combination. 
III.  The  determination  of  the  combining  weights  of  elements, 
and  the  reacting  weights  of  compounds  ;  chemical  symbols 
and  formulae.  IV.  Introduction  to  the  study  of  interactions 
and  the  connections  between  them  and  composition  ;  acids  ; 
basic  and  acidic  oxides  ;  metallic  and  non-metallic  elements. 
V.  Chemical  nomenclature.  VI.  Oxygen  and  hydrogen. 
VII.  Compounds  formed  by  the  union  of  hydrogen  and  oxy- 
gen ;  water  and  hydrogen  peroxide.  VIII.  Nitrogen  and 
some  of  its  compounds.  IX.  Sulphur  and  some  of  its  com- 
pounds. X.  Potassium  and  sodium  and  some  of  their  com- 
pounds. XI.  Iron  and  a  few  of  its  compounds.  XII.  The 
chemical  character  of  metals  and  non-metals  illustrated  by 
certain  compounds  of  manganese  and  some  compounds  of' 
chromium.  XIII.  Chemical  characters  of  elements  illustrated 
by  oxides  of  antimony,  arsenic,  bismuth,  and  tin.  XIV. 
Chlorine,  bromine,  fluorine,  and  iodine,  and  some  of  their 
compounds.  XV.  Oxidation  and  reduction;  oxidizers  and 
reducers.  XVI.  The  molecular  and  atomic  theory.  XVII. 
Some  applications  of  the  molecular  and  atomic  theory,  chiefly 
to  classes  of  facts  already  considered.  XVIII.  Isomerism 
and  structural  formulae.  XIX.  The  periodic  law.  XX. 
The  measurement  of  the  thermal  values  of  chemical  changes. 

XXI.  Phosphorus;  its  oxides,  hydrides,  and  some  of  its  acids. 

XXII.  Carbon   and  silicon   and   a   few  of  their  compounds. 

XXIII.  Magnesium,  zinc,  cadmium,  and  mercury ;  calcium, 
strontium,  and  barium.  XXIV.  Some  of  the  physical  and 
chemical  properties  of  copper,  lead,  and  aluminium.  XXV. 
A  tew  physical  and  chemical  properties  of  palladium  and 
platinum.     XXVI.  Argon  and  its  companions  ;  concluding 
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remarks.  Appendix.  Short  descriptions  of  the  general 
chemical  characters  of  each  of  the  eight  groups  of  elements. 

This  will  give  some  idea  of  the  method  of  treatment  adopted 
by  the  author.  In  brief  it  maybe  characterized  as  emphasiz- 
ing the  laws  and  theories  rather  than  the  facts  upon  which 
these  laws  and  theories  are  based.  To  be  sure,  the  facts  are 
not  ignored,  but  the  student  of  the  book  would  be  likely  to 
get  the  impression  that  they  are  of  secondary  importance  and 
of  interest  only  in  so  far  as  they  furnish  a  scaffolding  for  the 
building  up  of  generalizations  and  theories.  This  is  by  no 
means  the  first  attempt  that  has  been  made  to  bring  out  the 
essence  of  chemistr)-.  Like  the  others,  it  is  not  wholly  suc- 
cessful as  the  author  would,  no  doubt,  be  the  first  to  admit. 
But  it  will  be  helpful  to  teachers  in  many  waj's  and  they  are 
advised  to  study  it. 

Mr.  Muir  has  always  been  interested  in  the  physical  side  of 
chemical  phenomena  and  ^ve  therefore  natural!}'  turn  to  those 
parts  of  the  book  that  deal  with  the  ionic  theory,  the  law  of 
mass  action,  and  related  concepts,  without  which,  in  these  lat- 
ter days,  even  an  elementary  (even  the  most  elementary)  text- 
book of  chemistrj-  is  not  regarded  as  complete  by  the  regen- 
erate. The  ionic  hypothesis,  of  course,  receives  its  full  due. 
Ions  are  first  mentioned  on  page  199,  under  "  electrolysis  of 
dilute  sulphuric  acid. ' '  They  are  introduced  by  the  statement: 
"  The  minute  particles  of  elements,  or  groups  of  elements, 
which  are  supposed  to  carry  electric  charges  are  called  ions." 
Then,  beginning  on  page  224,  about  seven  and  a  half  pages 
are  given  to  "  the  ionic  h3-pothesis  of  the  strengths  of  acids 
and  bases."  That  the  author  is  not  dogmatic  is  shown  by 
this  passage,  which  is  fairly  typical:  "  All  acids,  bases,  and 
salts,  and  generally,  all  compounds  which  conduct  the  electric 
current,  are  supposed  to  be  separated  into  ions  more  or  less 
completely,  when  thej"  are  dissolved  in  much  water,  and  in 
certain  other  solvents;  and  the  electric  conductivities  of  these 
solutions  are  regarded  as  dependent  on  the  number  of  ions 
which  they  contain.  The  electric  current  is  not  supposed  to 
decompose  the  electrolyte  into  its  ions,  but  merel)'  to  direct 
the  ions,  the  anions  towards  the  anode  the  kations  towards 
the  kathode.  Again  :  "  The  ionic  hypothesis  bids  us  think 
of  dilute  solutions  of  hydrochloric,  sulphuric,  nitric,  and  acetic 
acids  as  containing  ions  of  H'  and  CI',  H"H"  and  SO/',  H'  and 
NO,',  H-  and  C.HjO,'  (besides  particles  of  HCl,  H,SO„  HNO3, 
and  H.C,HA)." 

The  law  of  mass  action  appears  first  in  rudimentarj-  form, 
on  page  129,  where  the  action  of  steam  upon  iron  is  discussed, 
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then  more  fully  (page  217),  under  the  head  of  "  Equilibrium 
of  Systems  in  Solution."  Whether  the  student  will  profit  by 
these  paragraphs  will  depend  upon  his  age,  intellectual  power, 
and  experience.  The  phase  rule — the  phase  rule,  I  say, — is 
not  mentioned  in  the  book  !  Personally,  I  have  no  objection 
to  this  omission  from  an  elementary  book,  but  there  are  those 
to  whom  it  will  give  acute  pain.  The  question  that  constantly 
presents  itself  to  the  teacher  of  chemistry  is,  what  is  likely  to 
do  the  students  the  most  good  ?  Suppose  a  student  is  to 
spend  one  year  studying  chemistry  in  high  school  or  college, 
what  is  the  best  thing  to  do  for  him  ?  Is  it  best  to  make  him 
learn  a  lot  of  phrases  that  can  have  little  or  no  meaning  for 
him,  or  to  let  him  become  acquainted  with  a  certain  number 
of  clearly  defined  chemical  phenomena  by  personal  contact  ? 
Of  course,  man)'  will  answer,  let  us  have  the  advantage  of 
both  methods.  I  am  coming  more  and  more  to  think  that  the 
first  year  should  be  given  largely  to  the  study  of  phenomena 
in  the  laboratory.  If  the  student  goes  on  for  a  second  year, 
he  will  be  in  a  position  to  appreciate  and  understand  the  gen- 
eralizations and  theories.  If  he  doesn't  go  on,  he  loses  noth- 
ing by  not  studying  these  generalizations  and  theories  in  the 
first  year,  for  he  cannot  grasp  them  in  that  stage  of  his  work. 
It  is  to  be  hoped  that  teachers  of  chemistry  will  study  Mr, 
Muir's  book.  Perhaps  some  of  them  may  be  led  to  try  it  with 
their  classes.  i.  r. 

Food  Inspection  and  Analysis.  By  Ai^bertE.  Leach,  S.B.,  Analyst 
of  the  Massachusetts  State  Board  of  Health.  First  edition  ;  first 
thousand.  New  York  :  John  Wiley  &  Sons  ;  London  :  Chapman  & 
Hall,  Limited.     1904.     pp.  7.87. 

This  volume  of  787  pages  and  40  plates  of  photo-micro- 
graphs is  a  timely  contribution  to  the  literature  of  food  in- 
spection and  analysis. 

The  rapid  increase  in  the  number  of  national  and  state  laws 
relative  to  the  inspection  of  food  has  rendered  necessary  the 
creating  of  a  special  branch  of  chemistry  devoted  to  this  pur- 
pose. By  far  the  greater  amount  of  work  of  food  inspection 
is  of  a  chemical  character,  including  the  application  of  the 
microscope  for  chemical  purposes.  There  are  now  many 
chemists  in  this  country  directly  connected  with  national, 
state,  and  municipal  food  control,  and  a  great  many  more  are 
called  upon  to  do  work  for  food  manufacturers  and  dealers. 
To  all  of  these,  as  well  as  to  the  general  chemist,  this  book 
will  prove  a  great  aid.  In  addition  to  the  purely  chemical 
part  of  the  work,  much  attention  is  given  to  a  discussion  of 
the  nature  and  extent  of  food  adulteration,  and  also  to  the 
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methods  of  conducting  inspections,  other  than  the  purely- 
chemical  examination.  Some  attention  is  also  paid  to  the 
general  composition  of  food. 

It  is  believed  that  the  part  of  the  book  relative  to  micro- 
chemistry  is  the  most  useful  contribution  of  the  kind  which 
has  been  made  in  the  domain  of  food  inspection. 

The  work  is  divided  into  nineteen  chapters,  dealing  with  : 
Food  Analysis  and  State  Control,  i-ii;  The  Laboratory 
and  Its  Equipment,  12-34;  Food,  Its  Functions,  Proxi- 
mate Components  and  Nutritive  Value,  35-46 ;  General 
Analytical  Methods,  47-69 ;  The  Microscope  in  Food 
Analysis,  69-87  ;  Milk  and  Milk  Products,  88-164  ; 
Flesh  Foods,  165-202;  Eggs,  203-211;  Cereals  and  Their 
Products,  Eegumes,  Vegetables,  and  Fruits,  212-275  ; 
Tea,  Coffee  and  Cocoa,  276-309;  Spices,  310-368; 
Edible  Oils  and  Fats,  368-460  ;  Sugar  and  Saccharin  Prod- 
ucts, 461-522  ;  Alcoholic  Beverages,  523-607  ;  Vinegar, 
609-627;  Artificial  Food  Colors,  661-681;  Artificial 
Sweeteners,  682-688  ;  Canned  and  Bottled  Vegetables, 
Relishes  and  Fruit  Products,  689-756.  The  Appendix 
gives  an  account  of  the  Zeiss  Immersion  Refractometer  and 
other  apparatus  used  in  food  analysis.  The  photo-micro- 
graphs represent  the  cereals,  legumes,  miscellaneous  starches, 
coffee,  spices,  spice  adulterants,  and  edible  fats. 

The  book  is  well  printed  on  good  paper  and  well  bound, 
though  a  trifle  heavy  for  use.  The  index,  a  matter  very  often 
neglected  by  authors,  is  v&cy  satisfactory,  covering  16  pages. 

Legumes,  perhaps,  might  be  classed  as  vegetables  or  as  a 
sub-class  under  vegetables. 

Specific  reference  can  be  made  to  only  a  few  parts  of  the 
work.  In  regard  to  antiseptics  in  food,  the  author  calls  at- 
tention to  the  chaotic  condition  of  food  laws  relative  to  chem- 
ical preservatives.  In  some  localities  certain  antiseptics  are 
specifically  allowed  and  others  are  prohibited.  Some  of  the 
states,  as,  for  example,  Massachusetts,  have  special  laws  un- 
der which  it  is  required  that,  in  the  case  of  a  food  treated  with 
antiseptics,  the  name  and  percentage  of  the  added  substance 
must  plainly  appear  upon  the  label.  Such  laws  as  these 
make  the  chemists'  task  comparatively  easy,  or  perhaps  it 
would  be  better  to  say,  the  prosecutors'  task.  The  fact  that 
the  author  gives  certain  formulas  for  chemical  preservatives, 
recommended  for  sausage  meat,  cider,  beer,  etc.,  is  unfortu- 
nate, as  such  a  recommendation  will  be  cited  as  an  excuse  for 
their  use.  Such,  of  course,  was  not  the  intention  of  the 
author,  but  the  user  of  food  preservatives,  seeking  for  justifi- 
cation, will  not  bother  himself  about  the  author's  intention. 
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In  the  titration  of  boric  acid  the  author  mentions  only  the 
use  of  glycerol,  although  it  has  been  found  by  experiments 
that  the  Jones  method,  which  consists  of  substituting  man- 
nitol  for  glycerol,  gives  a  more  satisfactory  result.  A  com- 
parison of  the  glycerol  and  mannitol  methods  in  the  Bureau  of 
Chemistry  has  shown  the  superiority  of  the  latter. 

The  subject  of  artificial  sweeteners  is  thoroughly  treated  by 
the  author  and  is  one  of  distinct  importance  at  the  present 
time.  The  use  of  saccharin  (the  name  itself  is  highly  objec- 
tionable) in  food  products  is  becoming  quite  general  in  this 
country,  although  it  is  forbidden  in  many  European  coun- 
tries. The  consumer  of  a  product  to  which  saccharin  has 
been  added  believes  that  the  sweet  taste  is  due  to  sugar  and 
thus  is  the  victim  of  deception.  Those  who  use  saccharin 
think  it  has  no  antiseptic  properties,  but  many  authors  claim 
that  it  is  in  itself  antiseptic.  It  is  evident  that  the  use  of  all 
artificial  sweeteners,  except  cane-sugar,  should  be  noted  on 
the  label  of  food  products. 

The  chapter  on  alcoholic  beverages  is  notably  interesting. 
I  must  object,  however,  to  the  definition  of  wine,  which  is  as 
follows  :  ' '  Wine  in  its  broadest  sense  is  the  fermented  ex- 
pressed juice  of  any  fruit."  This  statement  is,  I  think,  er- 
roneous. The  term  "  wine,"  for  common  and  technical  pur- 
poses, should  be  reserved  only  to  apply  to  the  pure  fermented 
juice  of  the  grape.  If  other  fruits  are  used  in  the  making  of 
it,  they  should  be  named  in  conjunction  with  the  term  as,  for 
instance,  blackberry  wine. 

The  author  has  fallen  into  a  common  error  in  assigning  a 
misleading  meaning  to  the  word  "Champagne."  He  gives 
it  as  a  generic  term  for  sparkling  wine,  when,  in  point  of  fact, 
the  term  should  be  applied  only  to  the  sparkling  wine  made 
in  Champagne.  lyikewisethe  terms  "Madeira"  and  "Sherry" 
should  only  be  applied  to  wines  of  that  character  made  in 
Madeira,  or  in  or  near  Xeres  de  la  Frontera,  Spain,  and  the 
term  "  Port"  should  only  be  applied  to  wine  made  in  or  near 
Oporto. 

A  statement  in  regard  to  sugaring  wine  appears  on  page 
561,  viz.  :  "  The  European  wine-raising  countries  are  not  dis- 
posed to  regard  the  reinforcement  of  wine  by  added  cane- 
sugar  in  the  must  as  in  itself  a  fraud,  unless  water  is  also 
added  or  unless  some  other  form  of  adulteration  is  practiced 
at  the  same  time."  This  statement  needs  a  word  of  explana- 
tion. In  France  the  addition  of  sugar  to  the  marc  or  pomace 
of  wine  is  absolutely  prohibited  except  in  the  manufacture  of 
wine  for  domestic  use,  and  the  amount  of  sugar  which  is  per- 
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mitted  for  this  purpose  is  limited  strictly  to  50  kilos  for  each 
member  of  the  family.  A  sugar- wine  is  in  no  case  allowed  to 
enter  commerce.  The  best  wine-growers  deplore  the  use  of 
sugar  in  the  manufacture  of  wine  and  are  making  determined 
efforts  to  prevent  it. 

In  Germany  the  addition  of  sugar  solutions  to  wine  is  per- 
mitted, provided  the  quantity  added  is  not  sufficient  to  reduce 
the  natural  extract  of  the  wine  below  that  of  normal  pure 
wine.  The  expensive  types  of  genuine  wine,  however,  do 
not  have  any  added  sugar. 

In  the  definition  of  whiskey  the  author  also  includes  the 
potato  as  one  of  the  sources  from  which  whiskey  is  made.  I 
consider  it  unfortunate  to  thus  extend  the  definition  of  whis- 
key. A  better  definition,  it  seems  to  me,  is  the  liquor  result- 
ing from  the  distillation  of  the  fermented  mash  of  cereal 
grains,  the  starch  of  which  has  been  converted  into  sugar  by 
malt.  Potable  whiskey  is  whiskey  stored  in  wood  a  sufficient 
length  of  time  to  reduce  the  percentage  of  fusel  oil  to  less 
than  0.25.  The  burnt  taste  of  whiskey,  due  to  creosote, 
mentioned  on  page  597,  is  characteristic  of  Scotch  rather  than 
Irish  whiskey,  as  stated.  Particular  attention  is  called  to 
these  definitions  by  reason  of  the  fact  that  the  Congress  of  the 
United  States  has  authorized  the  Secretary  of  Agriculture  to 
fix  standards  of  purity  for  all  these  bodies,  and  these  stand- 
ards have  been  adopted  by  the  author  in  so  far  as  they  have 
been  proclaimed.  It  is  evident,  however,  that  some  of  the 
definitions  used  by  him  as,  for  instance,  those  mentioned 
above,  will  be  cited  hereafter  in  courts  where  they  differ  from 
those  which  are  yet  to  be  established. 

The  chemical  methods  described  in  the  book  are  to  be 
highly  commended  and,  in  fact,  the  whole  book  is  one  which 
has  been  exceedingly  well  done  and  which,  despite  some 
minor  defects,  such  as  those  pointed  out,  will  prove  of  im- 
mense value  to  the  profession.  h.  w.  wilf.y. 

The  Vegetable  Alkai^oids,  with  Particular  Reference  to  Their 
Chemical  Constitution.  By  Dr.  Ame  Pictet,  Professor  in  the  Uni- 
versity of  Geneva.  From  the  second  French  edition.  Rendered  into 
English,  Revised,  and  Enlarged,  with  the  Author's  sanction,  by  H.  C. 
BiDDLE,  Ph.D.,  Instructor  in  the  University  of  California.  New  York: 
John  Wiley  and  Sons.  London  :  Chapman  and  Hall,  Limited.  1904. 
8vo.     vii  -f-  505  pp.     Cloth,  $5.00. 

The  translator  introduces  this  work  thus  :  "  Since  the  ap- 
pearance, in  1897,  of  the  second  edition  of  Professor  Ame  Pic- 
tet's  work,  '  La  Constitution  Chimique  des  Alcaloides  Vege- 
taux,'  marked  advances  have  been  made  in  our  knowledge 
of  the  alkaloids.     *     *     *     * 
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"These  advances  have  precluded  a  simple  translation  of  the 
French  edition,  and  have  necessitated  the  complete  rewriting 
of  several  chapters  and  the  revision  of  the  entire  work.  It  is 
believed  that  the  present  English  edition  fairly  sets  forth  the 
latest  conceptions  regarding  the  constitution  of  the  more  im- 
portant alkaloids." 

The  Author  says:  "We  shall  consider  that  the  expressions 
vegetable  alkaloids  and  vegetable  bases  are  identical  in  meaning 
and  that  they  include  all  those  substances  which  are  directly 
obtained  from  the  plant  and  which  are  able  to  unite  with  acids 
to  form  salts." 

"The  work  is  divided  into  two  parts.  The  first  part  gives 
a  rapid  review  of  the  artificial  derivatives  of  pyridine.  *  *  * 

"  In  the  second  part  we  shall  seek  to  gather  together  syste- 
matically the  experimental  results  which  have  thus  far  been 
derived  from  the  study  of  the  chemical  constitution  of  the 
natural  alkaloids,  and  to  discuss  the  theoretical  conclusions 
which  have  been  drawn  from  these  results.  No  attempt  will 
be  made  to  present  a  complete  monograph  of  the  vegetable 
alkaloids;  we  shall  not  consider  in  detail  either  their  physio- 
logical or  physical  properties,  nor  shall  we  present  the  .specific 
tests  employed  in  detecting  the  natural  bases.  Attention  will 
be  fixed  rather  on  the  purely  chemical  behavior  of  the  alka- 
loids and  the  bearing  of  this  on  their  chemical  constitution." 

This  book  is  altogether  the  best  summary  of  our  knowledge 
of  the  important  class  of  compounds  it  deals  with.  It  is  well 
and  interestingly  written  and  will  be  found  most  useful  by 
chemists.     It  contains  full  references  to  the  literature. 

About  twenty  pages  are  given  to  the  alkaloids  of  the  hem- 
lock ;  forty-five  pages  to  the  coca  alkaloids  ;  fifty  pages 
to  the  opium  alkaloids  ;  nearly  fifty  pages  to  the  cinchona  al- 
kaloids. The  xanthine  group,  the  asparagine  group,  and  the 
chlorine  group  are  also  accorded  full  treatment. 

The  book  ought  to  be  in  every  chemical  library.        i.  R. 
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Electrolytes,  conductivities  of,  in  water,  methyl  and  ethyl  alcohols,  and  mix- 
tures of  these  solvents.    Jones  and  Carroll 521 

Ethenyl-4-chlor-2-aminophenol.     Upson 42 

a'-Ethoxy-i3-phenylf uro-a,/3'-diazole.    Johnson  and  Menge 371 

Ethyl  alcohol,  hydrates  of,  in  solution.    Jones  and  Getman 311 

Ethyl  alcohol,  solutions  of  electrolytes  in.    Jones  and  Getman 339 

Ethylaminosulphoneethyl  ester.     Willcox 465 

Ethyl  aniline.     Willcox 469 

Ethyl />-azoxybenzoate.     A Iway  and  Pinckney 399 

Ethylbenzilic  acid.     Garner 592,  594 

Ethylbenzoin.     Garner 592 

Ethyl  chlorformate.     Upson 15 

Ethyl  chlorsulphonate,  action  of,  on  alcohol  and  sodium  alcoholates.    Willcox  470 

Ethyl  chlorsulphonate,  action  of,  on  ammonia.     Willcox 465 

Ethyl  chlorsulphonate,  action  of,  on  aniline.     Willcox 468 

Ethyl  chlorsulphonate,  action  of,  on  diethylamine.     Willcox 460 

Ethyl  chlorsulphonate,  action  of,  on  sodium  acetoacetic  ester.     Willcox 473 

Ethyl  chlorsulphonate,  action  of,  on  sodium  malonic  ester.     Willcox 474 
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Ethyl  chlorsulphonate,  action  of,  on  sodium  phenolate.     IVillcox 475 

Ethyl  chlorsulphonate  and  dimethyl  aniline.     Willcox 452 

Ethyl  chlorsulphonate.  behavior  of.  when  heated.     Willcox 471 

Ethyl  chlorsulphonate,  dissociation  of,  into  ethylidene,  sulphur  trioxide,  and 

hydrogen  chloride.     Willcox 454 

Ethyl  chlorsulphonate,  preparation  of.     Willcox 450 

Ethyl  chlorsulphonate,  reactions  of.     Willcox 446 

Ethyl  cinnaraate.     Garner 601 

Ethyl  ethylraalonate.     Wheeler  aud  Jamie  son 352 

Ethyl  hypochlorite,  action  of,  ondiethylamine  and  trimethylethylene.   Willcox  475 

Ethyl  hypochlorite,  reactions  of.     Willcox 475 

Ethyl  malouate,  for  preparation  of  thiobarbituric  acid.     Wheeler  slmA  Jamieson  345 

2-Ethylmercapto-5-benzoylamino-6-oxypyrimidine.    Johnson  anA  Clapp 144 

Ethylmercaptoethoxyphenyl-i.3,5-triazine.    Johnson  and  Menge 370 

2-Ethylmercapto-5-phthalimido-6-oxy pyrimidine.    Johnson  and  Clapp 142 

Ethyl  methylmalonate.     Wheeler  and  Jamieson 352 

Ethyl  w-nitrobenzoate.     Alway  and  Gortner 401 

Ethyl  »J-nitrocinnamate.     A Iway  and  Bonner 397 

Ethyl  ;>-nitrocinuaniate.     Alway  and  Bonner 394 

Ethylnitromaleate  of  aniline.     Hill  awd  Black 233 

Ethylnitromaleate  of  potassium.     Hill  and  Black 232 

Ethyl  >«-nitrosobenzoate.     Alwav  and  Gartner 401 

Ethyl  ;>-nitrosobenzoate.     Alway  and  Gortyier  402 

Ethyl  ^-nitrosobenzoate.     Alwav  and  Pinckney 399 

Ethyl  w-nitrosocinnamate.     Alway  and  Bonner 397 

Ethyl  ;>-nitrosocinnamate.     Alway  and  Bonner 394 

Ethyl /-nitrosocmnamate.     Alway  and  Gortner 402 

Existence  of  alcoholates  in  solutions  of  certain  electrolytes  in  alcohol.    Jones 

an d  Getman 338 

Existence  of  hydrates  in  solutions  of  certain  non-electrolytes  and  the  non-exis- 
tence of  hydrates  in  solutions  of  organic  acids.   Jones  and  Getman 308 

FATE  of  potassium  myronate  in  the  animal  org-anism  and  its  hydrolysis  by 

the  ferments  of  the  liver.    Kastle  and  McCaw 372 

Ferments  of  the  liver,  hydrolysis  of  potassium  myronate  by,  and  its  fate  in  the 

animal  organism.     Kastle  and  McCaw 372 

Ferrous  sulphate.     Kastle  and  Smith 37 

Fructose,  hydrates  of,  in  solution.    Jones  and  Getman 328 

Furfurane,  certain  sulphamido  derivatives  of.     Hill  and  Sylvester 185 

Furnace,  electric.     Morse  and  Frazer 93 

GI<UCOSE.     Kastle  and  McCaw 376 

Glucose,  hydrates  of,  in  solution.    /on«  and  Getman 321 

Glutaric  peroxide  acid.     Clover  and  Houghton 65 

Glutaric  succinic  peroxide  acid.     Clover  and  Houghton 64 

Glycerol,  hydrates  of,  in  solution.    Jones  and  Getman 320 

Glyoxylic  acid.    Hill  and  Black 235 

Guanidine  carbonate.    Johnson  and  Clapp 135 

HYDRATES  in  solutions  of  non-electrolytes.    Jones  and  Getman 308 

Hydrates,  non-existence  of,  in  solutions  of 'certain  organic  acids.    Jones  and 

Getman 3*8 

Hydrobenzoin.     Gamer 592.  594 

Hydrobenzoin  dimolecular  anhydride.     Garner 592,  594 

Hydrochloric  acid,  conductivity  of,  in  methyl  alcohol  and  mixtures  of  methyl 

alcohol  and  water.   Jones  and  Carroll 538 


hidex.  627 


Hydrochloric  acid,  dissociation  of,  iu  mixtures  of  methyl  alcohol  and  water. 

Jones  and  Carroll 548 

Hydrogen  peroxide,  action  of,  on  anhydrides.     Clover  2m^  Houghton 43 

Hydrogen  peroxide,  oxidation  of  sulphocyanic   acid  and  its  salts  by.    Kastle^ 

and  Smith 376 

Hydrogen  peroxide,  oxidizing  agent.     A'astle  and  Smith 376 

Hydrolysis  of  potassium  myronate  by  the  ferments  of  the  liver  and  its  fate  in 

the  animal  organism.     Kastle  and  McCaw 372 

IMIDOSULPHONIC  acid.     Willcox 467 

Inulin.    Dean 69 

loddinitrophenylmalonic  ester.    Jackson  and  Langmaid 305 

j3-Iodopropionic  acid.     Clover  SiViA  Houghton 63 

Iron,  sulphur  in.     Knight  84 

P-Isoamylene,  reaction  of,  with  dimethylaniline  sulphur  trioxide.     Willcox  ..  459 

Isocampholactone.     A'<y«  and  Taveau 290 

Also  the  silver  salt. 

Isohydrobeuzoin.     Garner 592,  594 

Isohydrobenzoin  dimolecular  anhydride.     Garner 592,  594 

Isomerism  in  the  urazole  group.     Acree... 608 

Isonitrosopyrimidine.     IVheeler  &nd  Jamieson 351 

Isoserin.     Hill  and  Black 240 

LACTIC  acid.     Van  Slyke  and  Hart 150 

Lactose,  hydrates  of,  in  solution.    Jones  and.  Getntan 326 

Levulose,  see  fructose. 

Lithium  chloride,  solutions  in  alcohol.    Jones  and  Getman 339 

Lithium,  method  for  the  detection  of.     Benedict 480 

Lithium  nitrate,  dissociation  of,  in  50  per  cent,  methyl  alcohol.    Jones  and  Car- 
roll    548 

Lithium  nitrate,  solutions  in  alcohol.    Jones  and  Getman 340 

Lithium  perchromate.     Byers  and  Reid 510 

Liver,  ferments  of,  hydrolysis  of  potassium  myronate  by.     Kastle  and  McCaw.  372 

MAGNESIUM  perchromate.     Byers  and  Reid 510 

Malonic  ester,  reaction  of,  with  dimethyl  aniline  sulphur  trioxide.      Willcox.  459 

Malonic  ester,  sodium.    Jackson  and  Langmaid 304 

Malonic  nitrile.     Wheeler  and  Jamieson 349 

Manganese  chloride.     Kastle  and  Smith 378 

Manganese  dioxide.     Kastle  and  Smith 378 

Mannite,  hydrates  of,  in  solution.    Jones  and  Getman 325 

Mannitose,  see  mannite. 

Mercuric  chloride.     Kastle  and  Smith 378 

Mercuric  chloride,  use  of,  in  the  detection  of  cyanides.     Benedict 481 

Mercuric  chloride,  solubility  of.     Foote  and  Bristol .  246 

Mercurous  nitrate,  use  of,  in  the  detection  of  cyanides.     Benedict 4S1 

Methyl  alcohol,  hydrates  of,  in  solution.    J oius  and  Getman 309 

Methylbenzoylthioncarbamate.    Johnson  and  Meiige 364 

3-Methyl-5-brom-6-oxyphenylurethane.      Upson 36 

4-Methyl-5-bromuracil.     Wheeler  and  Jamieson 355 

Methyl  chlorformate.     Upson 14 

Methylfurfurol.    Hill  and  Sylvester 187 

2-Methylmercaptobarbituric  acid.     Wheeler  and  Jamieson 345 
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2-Methylmercapto-4-chlor-6-aminopyritnidine.     Wheeler  and  Jamieson 347 

a-Methylinercapto-4-chlor-5-raethyl-6-ethoxypyriinidine.    Wheeler a.nd Jamieson  354 
2-Methylmercapto-4-chlor-5-methyl-6-methylaminopyriraidine.       Wheeler   and 

Jamieson 354 

2-Methylmercapto-4,6-diamiuopyrimidine.     Wheeler  ax\6.  Jamieson 349 

a-Methylmercapto-4,6-dichlor-5-methylpyriniidine.     Wheeler a.-aA Jamieson  ....  353 

2-Methylmercapto-4,6-dichlorpyritiiidiue.     Wheeler  and  Jamieson 346 

2-Methj'lmercapto-4,6-dimethylpyriniidine.     Wheeler  and  Jamteson 356 

2-MethyIniercapto-4,6-dioxy-5-ethylpyrimtdine.     Wheeler  andjamieson 353 

2-Methylmercapto-4,6-dioxy-5-methylpyrimidine.     Wheeler  and  Jamieson 353 

2-Methylmercaptouranil.     Wheeler  and  Jamieson 351 

2-Methylmercaptovioluric  acid.     Wheeler  and  Jamieson 350 

4-Methyl-5-methylaniitiouracil.     Wheeler  andjamieson 355 

Methyl /-nitrocinnamate.     A hvay  and  Bonner 395 

Methylnitroraaleate  of  potassium.     Hill  And  Black 233 

Methyl  ^-nitrosobenzoate.     Alway  and  Goriner 402 

Methyl /initrosocinnanmte.     Alway  and  Bonner 395 

Methyl /i-nitrosocinnamate.     Alway  and  Gartner 402 

3-Methyl-6oxyphenylurethaue.     Upson 16,19 

4-Methyl-6-oxyphenylurethane.     Upson 20 

5-Methyl-6-oxypheuylui-ethane.     Upson 22 

5-Methylpyroniucic  acid.     Hill  and  Sylvester 187 

Milk,  souring  of.     Van  Slyke  and  Hart  145 

Milk  sugar.     Van  Slyke  and  Hart 150 

Molecular  weights  of  the  yellow  nitroso  compounds.     Alway  and  Gartner  ....  400 

5-Monobrompyromucic  acid.     Hill  and  Sylvester 218 

5-Monochlorpyromucic  acid.    Hill  and  Sylvester 204 

Mucobromic  ester,  action  of  potassium  nitrite  on.     Hill  and  Sylvester 228 

Mustard  oil.    Kastle  and  McCaw 376 

NICKEL  nitrate.     Kastle  and  Smith 378 

Nickel  sulphate.     Kastle  and  Smith 378 

WJ-Nitraniline.     Alway  and  Pinckney 399 

»«-Nitraniline.    Johnson  and  ATenge 364 

^-Nitrobenzaldehyde.     Alway  and  Bonner 392 

/-Nitrobenzaldehyde.     Ahvay  and  Pinckney 398 

»i-Nitrobenzene-/>-azobeuzaldehyde.     Alway  and  Pinckney 398 

w-Nitrobenzoic  acid.     Alway 39° 

^-Nitrobenzoic  acid.     Ahvay 3^9 

w-Nitrocinnamic  acid.     Ahvay  and  Bouner 39^ 

/>-Nitrociunamic  acid.     Alway  and  Bonner 392 

o-Nitro-o-cresol.     Upson 21 

o-Nitro-^-cresol.     Upson 15 

2-Nitro-w-cresol.      Upson 19 

Nitrogen  compounds,  certain.     Ahvay  and  Pinckney 398 

P-Nitrolactic  acid.    Hill  and  Black 238 

Also  some  salts. 

Nitromalate  of  barium.    Hill  and  Black 237 

Nitromaleic  amide.     Hill  and  Black 235 

Also  some  salts. 

2-Nitro-4-methyl-6-brom phenyl  ethyl  carbonate.     Upson 35 

2-Nitro-4-methylphenyl  ethyl  carbonate.     Upson 15 

2-Nitro-5-methylphenyl  ethyl  carbonate.     Upson • 20 

2-Nitro-6-methylphenyl  ethyl  carbonate.     Upson 21 

o-Nitrophenylmethyl  carbonate.     Upson 15 

/-Nitrophenylraethyl  carbonate.     Upson 14 
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jw-Nitrosobenzoic  acid.     Alway 390 

/-Nitrosobenzoic  acid.    Alway 389 

»i-Nitrosocinnamic  acid.     Alway  and  Bonner 396 

/-Nitrosocinnamic  acid.    Alway  AnA  Bonner 393 

Nitrosocinnamic  acids  and  esters.     Alway  iinA  Bonner 392 

Nitroso  compounds,  aromatic,  preparation.     Alway 385 

Nitroso  compounds,  molecular  weights  of  the  yellow.    Alway  and  Gartner. . . .  400 

Nitroso  compounds,  the  decomposition  of.    A^<y«  and  Taveau 385 

Nitrosoisocampholactone.     Noyes  atiA  Taveau 288 

Also  the  condensation-products  with  formic  and  acetic  aldehydes. 

Nitrotolueue.     Alway  and  Bonner 393 

Non-electrolytes,  existence  of  hydrates  in  solutions  of  certain.    Jones  and  Get- 
man 308 

OBITUARY  : 

Lobry  dc  Bruyn,  C.  A 514 

Williamson,  A.  W 513 

Winkler,  C 611 

Organic  acids,  non-existence  of  hydrates  in  solutions  of.    Jones  and  Getman...  308 

Oxalic  acid,  hydrates  of,  in  solution.    Jones  And  Getman  33a 

Oxidation  of  sulphocyanic  acid  and  its  salts  by  hydrogen  peroxide.    Kastle 

and  Smith 376 

2-Oxy-4,6-diaminopyrimidine.     IVheeler  And  Jamieson 342,349 

2-Oxy-4,6-dimethylpyrimidine.     IVheeler  and  Jamieson .  357 

4-Oxyisoquinoline-3-carboxylic  ethyl  ester.    Johnson  and  Clapp  ^ 142 

Oxymethylenehippuric  ethyl  ester,  sodium  salt  of.    Johnson  a.nd  Clapp 144 

PARACASEIN,  digestion  of.     Kaw  Slyke  aad  Hafi 154 

Paracasein  dilactate.     Van  Slyke  and  Hart 156 

Paracasein  monolactate.     Van  Slyke  and  Hart 155 

Feracids.     Clover  and  Houghton 43 

Perchloric  acid  as  a  solvent  for  barium  chroniate.     Andrews 477 

Perchromic  acid  and  the  perchromates.     ByersandReid 503 

Peroxides  of  organic  acids.     Clover  and  Houghton 43 

Phenetol.     IVtllcox 476 

Phenol,  reaction  of,  with  dimethylaniline  sulphur  trioxide.     Willcox 459 

Phenylacetylurazole.    Acree 607 

Phenylbenzylcyanacetic  ethyl  ester.    Hessler 130 

Phenj'lbenzylmalonic  nitrile.    Hessler 129 

Phenylcyanacetamide.    Hessler 122 

Phenylcyanacetic  acid.     Hessler 127 

Pheny Icyanacetic  ester.     Hessler 120 

i-Phenyl-3,5-diethoxyurazole.     Acree 610 

a'-Phenyl-^-ethoxyfuro-o,/3'-diazole.    Johnson  and  Menge 370 

i-Phcnyl-3-ethoxyurazole.    Acree 610 

Phenylhydrazine,   action  of,  on   benzoylpseudoureas  :  i,5-Diphenyl-3-amino- 

pyrro-a,P-diazole  derivatives.    Johnson  and  Menge    358 

Pheny limidodisulphonic  acid.     IVillcox 468 

Phenylmalonic  nitrile.    Hessler 119 

i-Phenyl-4-methylacetylurazole.     Acree 607 

Phenylmethylcyanacetimido  ethyl  ester.     Hessler 128 

/S-Phcnyl-y-phenyl-y-benzoylbutyrolactone.     Garner 602 

Phenylsulphamic  acid.     IVillcox 469 

Phenylurazole,  acetyl  derivatives  of.    Acree 606 

Phttaalimidoethyl  acetate.    Johnson  and  Clapp 141 
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o-Phthaliraido-^-pseudoethylthioureaacrylic  acid.    Johnson  2>.-aA  Clapp 143 

Plant  food,  availability  of.     Fraps i 

Platinum  black.     Kastle  an^  Smith 378 

Potassium  acid  sulphate.     Kasile  and  McCaw 376 

Potassium-barium  nitrates  and  chlorides,  solubility  of.     Fooie 251 

Potassium  bromide.     Kaslle  and  Smith 578 

Potassium  chloride.     Kastte  and  Smith 378 

Potassium  ethyl  sulphate.     IVillcox 458 

Potassium  iodide.     Kastle and  Smith 378 

Potassium  iodide,  conductivity  of,  in    water,  methyl  alcohol,  and  50  per  cent. 

methyl  alcohol.    Jones  and  Carroll 544 

Potassium  myronate.     Kastle  and  McCaw 372 

Potassium  nitrite,  action  of,  on  niucobromic  ester.     Hill  and  Black 228 

Potassium  perchromate.     Byers  and  Reid 505 

Potassium  phenylsulphate,  preparation  of.     Willcox 459 

Potassium  sulphocyanate,  oxidation.    Kastle  and  Smith 377 

Preparation  of  aromatic  nitroso  compounds.     Alway 385 

Propanetrisul phonic  acid.     Schober 165 

Also  the  ammonium  and  barium  salts. 

n-Propyl  alcohol,  hydrates  of,  in  solution.    Jones  and  Gelman 313 

Pseudocumidine.    Johnson  and  Menge 365 

Pseudoethylthiourea.    Johnson  and  Menge 369 

Pyrimidines.    Johnson  and  Clapp 130 

Pyrimidines,     researches     on  :     2-oxy-4,6-diaminopyrimidine.       IVheeler    and 

Jamieson 342 

REARRANGEMENT,  molecular,  of  arainophenylalkyl  carbonates.     Upson  ..  13 

Reports  : 

Boiling-points  of  organic  liquids.     Taylor 85 

Molecular  weight  determinations.     Taylor 85 

Researches    on    pyrimidines :     2-oxy-4.6-dianiinopyriniidine.      IVheeler    and 

Jamieson 342 

Reviews  : 

Analyse  des  matieres  alimeutaries  et  recherche  de  leurs  falsifications. 

Girard 516 

Chemie  der  Eiweisskorper.     Cohnheim 407 

i>i        Chemie  der  Zuckerarten.     v.  Lippman 515 

^  ONCompendium  of  chemistry.     Arnold  and  Mandel 520 

<^-      j^Cyanid-Prozesse  zur  Goldgewinnung.     Uslar  and  Erlwein 91 

<*o    ^  Die  Kathodenstrahlen.    Schmidt. 293 

^      T\   Electric  furnace.     Moissan  and  £g&*tar. 406 

^Elektrochemische  Industrie  Deutschlauds.     Ferchland 408 

^yT*  Elektrometallurgie  der  Alkalimetalle.     Becker 89 

V   /    Elements  of  chemistry.     Pattison-Muir 611 

''^      Food  inspection  and  analysis.     Leach 614 

Grundlinien  der  anorganischen  Chemie.     Ostivald 407 

History  of  Hindu  chemistry.     Ray    88 

Immune  sera:  Hseraolysins,  cytotoxins,  and  precipitins.     IVassermann- 

and  Bolduan 294 

Laboratory  work  in  physiological  chemistry.    Jackson 92 

Method  for  the  identification  of  pure  organic  compounds.      Mulliken..  404 
Occurrence  of  aluminium  in  vegetable  products,  animal  products,  and 

natural  waters.     Langworthy  and  Austen 403 

Ostwald,  Wilhelm.     IValden 90 

Phase  rule  :  physical  chemistry.    Findlay  and  Ramsay 183 

Physical  Chemistry.     Getman 296 
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Physiological  and  pathological  chemistry.     Salkowski  smA.  Omdorff . . .  184 

Quantitative  analysis.     Freseniits  and  Cohn 181 

Quantitative  analysis  for  mining  engineers.     Miller 405 

Riechstoffe.     Cohn 5I9 

The  vegetable  alkaloids,  with  particular  reference  to  their  chemical 

constitution.     PicUt  and  Biddle 617 

Wilhelm  Ostvvald.     IValden 9° 

SIL,VER  chromate,  use  of,  in  the  determination  of  chlorides.    Andrews 476 

Silver  nitrate.     Kastle  SinA  Smith 378 

Silver  nitrate,  conductivity  of ,  in  water,  ethyl  and  methyl  alcohols,  and  in  mix- 
tures of  the  alcohols  and  water.    Jones  SlXiA  Bassett 409 

Silver  nitrate,  relative  velocities  of  the  ions  of.  in  water,  ethyl  and  methyl  alco- 
hols, and  in  mixtures  of  the  alcohols  and  water.    Jones  and  Basselt 437 

Sodium  acetate,  conductivity  of,  in   mixtures  of  acetic  acid  and  water.    Jones 

and  Carroll 54° 

Sodium  acetoacetic  ester,  action  of  ethyl  chlorsulphonate  on.     VVillcox... 473 

Sodium  ethylate.  action  on  benzoin.     Garner 588,  590,  594 

Sodium  ethyl  sulphite.     Wtllcox 474 

Sodium  formylethylpropionate.    Johnson  and  Clapp .' 136 

Sodium  iodide,  conductivity  of,  in  water,  methyl  alcohol,  and  mixtures  of  these 

solvents.    Jones  and  Carroll • 531.546 

Sodium  malonic  ester.    Jackson  and  Lang^maid 304 

Sodium  malonic  ester,  action  of  ethyl  chlorsulphonate  on.     Willcox 474 

Sodium  perchromate.     Byers  and  Reid 509 

Sodium  phenolate,  action  of  ethyl  chlorsulphonate  on.     IVillcox 475 

Solubility  of  barium  and  mercuric  chlorides.     Foole  and  Bristol 246 

Solubility  of  potassium  and  barium  nitrates  and  chlorides.    Fooie 251 

Suberic  acid.     Clover  and  Houghton 66 

Succinic  acid.     Clover  and  Houghton 56 

Succinic  acid,  hydrates  of,  in  solution.    Jones  And  Gelman 333 

Succinic  anhydride.     Clover  and  Houghton 55 

Succinic  glutaric  peroxide  acid.     Clover  and  Houghton 64 

Succinic  monoperacid.     Clover  and  Houghton 56.61 

Succinic  peroxide  acid.     Clover  and  Hojighton 55 

Sucrose,  see  cane  sugar. 

Sulphates  and  chlorides,  determination  of,  by  the  use  of  the  chromates  of 

barium  and  silver.     A  ndrews 476 

Sulphur  in  iron.     Knight 84 

^-Sulphamido-5-brompyromucamide.    Hill  and  Sylvester 219 

|8-Sulpharaido-5-brompyromucic  acid.     Hill  and  Sylvester 222 

Also  some  salts. 

p-Sulphamido-a,a-chlorbromf urfurane.    Hill  and  Sylvester 216 

/3-Sulphamido-5-chlorpy romucamide.     Hill  and  Sylvester 206 

/3-Sulphamido-5-chlorpyromucic  acid.     Hill  and  Sylvester 209 

Also  some  salts. 

^-Sulphamido-a,a-dibromfurfurane.    Hill  and  Sylvester 227 

(3-Sulphamido-5-methylbromfurfurane.     Hill  and  Sylvester 199 

j8-Sulphamido-5-methylpyromucamide.     Hill  and  Sylvester 190 

j3-Sulphamido-5-methylpy romucic  acid.    Hill  and  Sylvester 193 

Also  some  salts. 

Sulphoacetacry  lie  acid.    Hill  and  Sylvester 202 

^-Sulpho-    -chlorpy  romucic  acid.    Hill  and  Sylvester 204 

Sulphocyanic  acid  and  its  salts,  oxidation  of,  by  hydrogen  peroxide.    Kastle 

and  Smith 376 
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Sulphocyanic  acid,  oxidation.     Kastle  and  Smith 377 

Sulphoraethylpyromucic  acid.    Hill  a.nA  Svlvesler 188 

Sulphur,  plastic,  color  changes  when  heated.     Kastle  ^\\A  Kelley 491 

Sulphur,  plastic,  effect  of  tension  on  the  crystallization  of.     Kastle  and  Kelley.  493 

Sulphur,  plastic,  melting-point  of.     Kastle  and  Keller 490 

Sulphur,  plastic,  rate  of  crystallization  of.     Kastle  and  Kelley 483 

TARTARIC  acid,  hydrates  of,  in  solution.    Jones  and  Getman 334 

Tetraethylammonium  chloride.     IVillcox 461 

Tetraethy] ammonium  chlorplatinate.     Willcox 461,  466 

2-Thiobarbituric  acid.     tVheeler  and  Jamieson 345 

2-Thio-4,6-diarainopyrimidinc.     IVheeler  a.vd  Jamieson 349 

2-Thio-5-ethylbarbituric  acid.     IVheeler  and  Jamif son 352 

2-Thio-5-methylbarbituric  acid.     IVheeler  and  J amuson 352 

Thiourea.     IVheeler  and  Jamieson 345 

Thiourea  methyl  iodide.     IVheeler  and  Jamieson 356 

>-Toluene-»»-azobenzoic  acid.    Alway 391 

^Toluidine.    Alway 391 

^Toluidine.    Johnson  and  Menge 367 

Trans-a-inethyl-/3-guanidineacrylic  acid.    Johnson  and  CI app 138 

2,4,6-Triarainopyrimidine.     IVIteelet  and  Jamieson 348 

Tribromhydrine.    Schober 165 

1,2,3-Tribrompropane.     Schober 165 

Trichloracetic  acid  as  a  solvent  for  barium  chromate.     A  ndvews 477 

Trichloraniline.    Jackson  and  Smith 171 

Trichlortrinitrobenzol.    Jackson  and  Smith 168 

Triethylamine.     Willcox 461,466 

Triethylamine  chlorplatinate.     Willcox 461 

'.3.5-Triiod-2,4-dinitrobenzol.    Jackson  and  Langmaid 297 

Triioddinitrobenzol,  addition  compound  with  diioddinitrobenzol.    Jackson  and 

Langmaid 306 

'.3.5-Triiod-2,4-dinitrobenzol,  on  certain  derivatives  of  the.   Jackson  and  Lang- 
maid    297 

Triiodnitroanisol.   Jackson  and  Langmaid 302 

Trimethylethyleue,  action  of  ethyl  hypochlorite  on.     Willcox 475 

Trimethylethylene,  reaction  of,  with  dimethylaniline  sulphur  trioxide.     Will- 
cox   459 

Trinitrophloroglucine.    Jackson  and  Smith 173 

Trinitrophloroglucine  triethyl  ether.    Jackson  and  Smith 173 

UREA,  hydrates  of,  in  solution.    Jones  and  Getman 317 

VEGETABLE  matter,  efiect  of  decaying,  on  plant  food.    Fraps 10 

Velocities,  relative,  of  the  ions  of  silver  nitrate  in  mixtures  of  the  alcohols  and 

water.    Jones  and  Bassett 409 

Viscosity  and  conductivity,  relation  between.    Jones  and  Carroll 567 

WATER,  reaction  of,  with  dimethylaniline  sulphur  trioxide.     Willcox    455 

Weathering,  effect  of,  on  plant  food.     Fraps 7 

YELLLOW  nitroso  compounds,  molecular  weights  of  the.   Alway  and  Gartner  400 

ZINC  perchromate.    Byers  and  Reid 510 
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FORMULAS. 
Ci-GROUP. 

CH4O.     Methyl  alcohol,  hydrates  of.    Jottes  Rnd  Getman 309 

3  I- 

CHNS.     Sulphocyanic  acid.     A'ast/e  and  Smil/i  377 

CH4ON2.     Urea,  hydrates  of.    Jones  and  Gelman 317 

CH4N2S.     Thiourea.     IVheelet-  and  Jamieson 345 

CNSK.     Potassium  sulphocyanate.     Kastle  and  Sniiift 377 

4  I- 

CHOoNBro.     Dibrorauitroniethaue.     Hill  &nd  Black 234 

C,-GROUP. 

C2H2O4.     Oxalic  acid,  hydrates  of.    Jonfs  and  Gehnan 332 

CJH4O.     Aldehyde.     Garner 598 

C2H4O2.     Acetic  acid,  hydrates  of.    Jones  and  Gettnan 329 

C2H4O3.     Acetic  peracid.     Clover  and  Houghton 44 

CjHjO.     Ethyl  alcohol,  hydrates  of.     /ones  and  Getman 311 

3  11. 

CoHsOjCl.     Methyl  chlorformate.     Upson 14 

C3H3O2CI3.     Chloral  hydrate,  hydrates  of.    Jones  and  Getman 318 

C2H5ON.     Acetaiuide,  hydrates  of.    Jones  and  Getman ...  316 

C2N2S2Ba.     Barium  sulphocyanate.     A'aStle  and  Smith 377 

4  II. 

C2H6OJCIS.    Ethyl  chlorsulphouatc.     VVilkox 446 

CoHsOaSNa.     Sodium  ethyl  sulphite,     ll^illcor 474 

C2H5O4SK.     Potassium  ethyl  sulphate.     IVrlkox 458 

CoHyNoSI.     Thiourea  methyl  iodide.     IVheeler  andjamieson 356 

C.,-GROUP. 

C3H2N2.     Malonic  uitrile.     ll^heeler  and  Jatnieson 349 

CsHsBra-     1.2,3-Tribrompropaue  (Tribromhydrine).     Schober 165 

C3H0O.     Acetone,  hydrates  of.    Jones  and  Getman 314 

CsHoO:;.     Lactic  acid.     Van  Slyke  and  Hart 150 

CsHgO.     «-Propyl  alcohol,  hydrates  of.    Jones  and  Getman 313 

C3HSO3.     Glycerol,  hj-drates  of.    Jones  and  Getman 320 

3lll. 

C3H6O2CI.     Ethyl  chlorformate.     f'pson 15 

C3H5O2I.     (3-Iodopropionic  acid.     Clover  and  Houghton 63 

C3H5O5N.     ^-Nitrolactic  acid.     Hill  and  Black 238 

Also  some  salts. 

C3H7O3N.     Isoseriu  (a-amido-^-oxypropionic  acid).     Hill  and  Black 241 

C3H8O9S3.     Propanetrisulphouic  acid.     Schober 165 

CgHgNaS.     Pseudoethylthiourea.    Johnson  and  Menge 369 
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C^-GROUP. 

C4H40g.    Succinic  anhydride.     Clover  2LnA  Houghton 55 

CiH.Of).     Acetic  anhydride .     Clover  and  Houghton 49 

C4H,04.    Acetic  peroxide.     Clover  ^nd  Houghton 44 

C4Hg04.     Succinic  acid.     Clover  3in6.  Houghton 56 

C4He04.     Succinic  acid,  hydrates  of.    Jones  a.i\A  Get  man 333 

C4H«05.     Succinic  monoperacid.     Clover  SinA  Houghton 56,61 

C4H9O6.    Tartaric  acid,  hydrates  of.    Jones  a^nd.  Getman 334 

C4H7N5.    2,4,6-Triaminopyrimidiae.     IV/ieeler  audjamieson 348 

C4H,,N.     Diethylamine.     IVillcox 460 

3  IV. 

C4H5O2N5.    Isonitrosopyrimidine.     H-'heeler  amdjamieson 351 

C4H5NS.    Allylisothiocyanate.    /Castle  and  McCaw 376 

C4H6ON4.     2-Oxy-4,6-diaminopyrimidine.     IV/ueler  mid  Jamieson 350 

C4H4O2NJ.    Barbituric  acid.     Wheeler  ^nd  Jamieson 350 

C4H(iN4S.     j-Thio-4,6-diaminopyriniidine.     Wheeler  2Md  Jamieson 349 

C4Hlo^fCl.     Chlordiethylamine.     Willcox 475 

4  IV. 

C4H,0.jN.Br.     5-Brouiuracil.     Wheeler  ^vid  Jamieson 355 

C4H4ON.3CI.    4-Chlorcytosine.     W )ie el er  and  Jamieson 348 

C4H4O2N.1S.    2-Thiobarbituric  acid.     Wheeler  ^nd  Jamieson 342 

C4Hn0.5NS.     Diethylamiuosulphouic  acid.     Willcox 460 

C4HxiOjNS.     Ethylaminosulphone  ethyl  ester.     Willcox 465 

5  IV. 

C4H.iOnNSBro.    3-Sulphaniido-a,a-dibronifurfuraue.     H til  ^wd  Sylvester 227 

6  IV. 

C4H30:jNSCIBr.     p-Sulphamido-a,a-chlorbronifurfurane.     Hill  »r\d  Sylvester.. .  216 

C--GROUP. 


CftHin.     Tritnethylethyletie.     Willcox 459 

2  V. 

CsHjOj.    Acetacry lie  acid.     Hill  2ind  Sylvester 203 

CjHbOj.    Acetyl  acetone.     Wfieeler  a.nd  Jamieson 356 

CsHgCl.    Chlorisoarayleae.     Willcox 475 

3  V. 

CSH3O3CI.     5-Monochlorpyroiuucic  acid.    Hill  And  Sylvester 204 

CsHgOsBr.     5-Motiobronipyroinucic  acid.     Hill  And  Sylvester 218 

C4H4O5N0.    Nitromaleicamide.    Hill  a.nd  Black 235 

Also  some  salts. 

CsHjOsS.     Sulphoacetacrylic  acid.    Hill  &iid  Sylvester 202 

CsHyON:;.     2-Aniino-5-methyI-6-oxypyrimidine.    Johnson  a.nd  Clapp 130 

CsH^OjN.     Acetnilrolactic  acid.     Hill  a.ad  Black 239 

CsHftOnN?..     0'j-o-Methyl-|3-guanidineacrylic  acid.    Johnson  ^nd  Clapp 140 

CsHoOoNj.     7'>ani-a-Methyl-,3-guaiiidiueacrylic  acid.    Johnson  and  Clapp 138 
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4  V. 

C5H40«NK.     Potassium  methyluitromaleate.    Hill  auA  Black 233 

C5H4O6SCI.    /3-Sulpho-5-chlorpyromucic  a^cxd  Hill  And.  Sylvester 204 

C5H4N«SCl5.     2-Methylmercapto-<.6-dichlorpyriniidine.     IVheeler  and  Jatnieson  346 

CsHsOjNnBr.     4-Methyl-5-bromuracil.     IVHeeler  andjamieson 355 

CsHsOaNriS.     2-Methylmercaptovioluric  acid.     IVheeler  und  Jamieson 350 

C5H4O2N2S.    2-Methylinercaptobarbituric  acid.     IV/ieeler  and /a mieson 345 

CsHeOsNoS.    2-Thio-5-methylbarbituric  acid.     IVheeler  a.tid /amteson 352 

C5H8N3SCI.   2-Methylmercapto-4-chlor-6-aminopyrimidine.    IVIteeler  and  Jamie- 
son 347 

C5H7O2N3S.    2-Methylinercaptouramil.     Wheeler  a.nd  Jamieson 351 

5  V. 

CjH^OjNSCl.     ^-Sulphamido-Schlorpyromucic  acid.     Hill  a.tid  Sylvester 209 

Also  some  salts. 

C;H405NSBr.     ^-Sulphamido-S-brompyromucic  acid.     Hill  2ind  Sylvester 222 

Also  some  salts. 

CSH5O4N2SCI.     ^-Sulphamido-5-chlorpyromucamide.     Hill  and  Sylvester 306 

C5H504NjSBr.    3-Sulphamido-5-brompyromucamide.    Hill  Sind  Sylvester 219 

CsHaOsNSBr.     ^-Sulphamido-5-methylbromfurfurane.     Hill  and  Sylvester 199 

Cg-GROUP. 

C«H:jIj.     Triiodbenzol.    Jackion  and  Langmaid 300 

CsHgOj.    Methylfurfurol.     Hill  and  Sylvester 187 

CjHjOs.    5-Methylpyromucic  acid.    Hill  and  Sylvester 187 

CgHgO;.    Citric  acid,  hydrates  of.   Jonfs  and  Getman 336 

(C«Hio06);r.     Inulin.     Dean 69 

CjHioOj.    Mannite,  hydrates  of.    Jones  and  Getman 325 

CfiHijOe-    Fructose,  hydrates  of.    Jones  and  Getman 323 

CsHioOj.    Glucose,  hydrates  of.   Jones  and  Getman 321 

CoHi-jOg.    Glucose.    Kaslle  and  McCazv 376 

C«H,5N.     Triethylamine.     ll^illcox 461,466 

3  VI. 

CjOtNaCls.     Trichlortrinitrobenrol.    Jackson  and  Smith 168 

C»HjO»N3.     Trinitrophloroglucine.    Jackson  and  Smith 173 

CJH4OCI0.     2.4-Dichlorphenol.     Upson 29 

C6H4NCI3.     Trichlorauilinc.    Jackson  and  Smith 171 

C6H4NI3.     Triiodaniline.    Jackson  and  Langmaid 300 

QHsOCl.     o-Chlorphenol.     Upson 26 

CgH50Br.    ^Bromphenol.     Upson 27 

CeHjO.jNj.     f«-Nitraniline.     A  Iway  and  Pincknev 399 

CeH^OjN.i.     w-Nitraniline.    Johnson  and  Menge 364 

CjHjOsBrj.     Mucobromic  ester.    Hill  and  Black 228 

CsHgOjS.     Sulphomethylpyromucic  acid.      H ill  and  Sylvester 188 

CsHsNCl.    m-Chloraniline.    Johnson  and  Menge 366 

CfiHgONj.     2-Oxy-4,6-dimethylpyrimidine.     IVheeler  and  Jamieson 3.S7 

CgHjN4S.    2-Methylmercapto-4,6-diaminopyrimidine.     Wheeler  and  Jamieson..  339 

C6H9O0N3.    5-Dimethylaminouracil.     IVheeler  and  Jamieson 355 

C6H9O0N3.    4-Methyl-5-methylaminouracil.     IVheelet  and  Jamiesotu 355 

C«H»03C1.    o-Chloracetoacetic  ester.     Willcox 449,473 

CgHjOjNa.    Sodium  formylethylpropionate.   Johnson  and  Clapp 136 
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4  VI. 

C6H04N2l;j.     i,3,5-Triiod-2,4-dinitrobenzol.    Jackson  a.n6.  Lang »iaid 300 

C6H2O4N2I0.     Diioddinitrobenzol.    Jackson  &nd.  Langmaid 304 

CeH403NCl.     4-Chlor-2-nitrophenol.     Upson 22,25 

C6H403NBr.     4-Brom-2-nitrophenol.      Upson 27 

C,H504SK.     Potassium  phenylsulphate.     Willcox 459 

CsHgONCl.     4-Chlor-2-aminophenol.     Upson    25 

CoHeOgNK.     Potassium  ethylnitromaleate.     Hill  a.nd.  Black 232 

C6H6N2SCI2.     2-Methylmercapto-4,6-dichlor-5-methylpyrimidine.     Wheeler  and 

Jamieson 353 

CjIixOaNS.    Phenylsulpharaic  acid.     Willcox 469 

C6H7O5NS.     (3-Sulphamido-g-methylpyromucic  acid.     Hill  and  Sylvester 193 

Also  some  salts. 

C6H7O8NS2.     Phenylimidosulphonic   acid.     Willcox 469 

CeHgOoNoS.     2-Methylmercapto-4,6-dioxy-5-methylpyrimidine.        Wheeler    and 

Ja mieson 353 

CoHaOjNoS.     2-Thio-5-ethylbarbituric  acid.       Wheeler  a.nd  Jamieson  352 

C5H8O4N2S.     /S-Sulphamido-S-inethylpyromucaraide.     Hill  and  Sylvester 190 

C0H16O3NS.    Diethylsulphamic    acid,    ethyl  ester,   or    diethylaminosulphone 

ethyl  ester.     Willcox 462,  464,  466 

5  VI. 

C(jH40;jNClBr.     4-Chlor-6-brom-2-nitrophenol.     Upson 31 

a-GROUP. 

C7H0O.     Benzaldehyde.     Garner 595 

CyHeOo.     Benzoic  acid.     Garner 59°.  594i  603 

CyHgO.     Benzyl  alcohol.     Garner 598 

C7H9N.    /-Toluidine.     Alway 391 

C7H9N.    ^-Toluidine.    Johnson  a.nd  Menge 367 

C7H12O4.    Kthyl  malonate,  for  preparation  of  thiobarbituric  acid.     Wheeler  and 

Jamieson 545 

3  VII. 

C7H5O3N.    ^-Nitrobenzaldehyde.     A hvay  and  Bonner 392 

C7H5O3N.    ^-Nitrobenzaldehyde.     A  hvay  and  Pinckney 398 

C7H5O3N.     w-Nitrosobenzoic  acid.     Alway 390 

C7H5O3N.    /i-Nitrosobenzoic  acid.    Alway 389 

C7H5O4N.     »i-Nitrobenzoic  acid.     Alivay 390 

C7H5O4N.    ;>-Nitrobenzoic  acid.     Alway 389 

C7HflOBr2.     2,6-Dibroni-4-cresol.     Upson 34 

C7H80Bro.    4,6-Dibrom-2-cresol.     Upson 33 

C7H7O2N.     Nitrotoluene.     Alway  and  Bonner 393 

C7H7O3N.    o-Nitro-o-cresol.     Upson 21 

C7H7O3N.     2-Nitro-»»-cresol.     Upson 19 

C7H7O3N.     o-Nitro-;>-cresol.     Upson 15 

C7H9ON.    /-Anisidine.    Johnson  and  Menge 367 

C7H10N2S.    2-Methylmercapto-4,6-dimethylpyrimidinc.      Wheeler  and  Jamieson  356 

C7Hii.04Na.     Sodic  malonic  ester.    Jackson  and  Langmaid 304 

4  VII. 

C7H3O6N3CI2.    Dichlortrinitrotoluene.    Jackson  and  Smith 178 

C7H4O3NI3.     Triioduitroanisol.    Jackson  and  Langmaid 302 
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CrHsOsNBr.     4-Broni-6-nitro-j-cresol.     Upson 33 

CrHioOoNoS.      2-Methylmercapto-4,6-dioxy-5-ethylpyriniidine.        Wheeler    and 

Jamieson 353 

CvHioNsSCl.      2-Methylinercaptc)-4-chlor-5-methyl-6-methylaminopyriniidine. 

IVheeler  and  Jamieson 354 

5  VII. 

C7Hi604ClSNa.     From  ethylchlorsulphonale  and  sodium  amylate.     IVillcox  ..  448 

C^-GROUP. 

CsHjoO.     Phenetol.     IVillcox 476 

CsHioOg.     Succinic  peroxide  acid.     Clover  anA  Houghton 55 

CeHnN.     Dimethylaniline.     IVillcox 450,  452 

CgHiiN.     Ethylaniline.     IVillcox 469 

C8H14O4.     Ethylmethylmalonate.     IVheeler  and  Jamieson  352 

C8H)404.     Suberic  acid.     Clover  and  Houghton 66 

3  VIII. 

CgHjOoN.     Carbonyl-o-amino-/)-cresol.     Upson 17 

CgHyOgN.     Methyl-/-nitrosobenzoate.     Alwayand  Gortner 402 

C3H7O5N.    o- and  ^Nitrophenyl  methyl  carbonate.     Upson 14 

CsHgOoNo.     Glyoxylic  acid.    Hill  and  Black 235 

CgHriOaN.     o- and /-Aminophenyl  methj'l  carbonate.     Upson 14 

CsHjoOoNj.    /-Toluene-»i-azobenzoic  acid.     Alway 391 

CgHjoNCl.     Dimethylphenylammonium  chloride.     IVillcox 451 

CgHnOaN.    Nitrosoisocampholactone.    Noyes  and  Taveau 288 

CsHooNCl.     Tetraethylammonium  chloride.     IVillcox 461 

4  VIII.  . 

C8H40i4N2Bag.    Barium  nitromalate.    HillandBlack 237 

CgHsONS.     Benzoyl  rhodanide.   Johnson  and  Menge 368 

CgHsONClo.     Benzoylisocyanchloride.    Johnson  and  Menge 371 

•  CgHgONCl.     Ethenyl-4-chlor-2-aminopheuol.     Upson 42 

CsHoOeNaCl.    5-Chlor-2,4,6-trinitroxylol.    Jackson  and  Smith 181 

C8H7O3NCI2.    4.6-Dichlor-2-nitrophenol  ethyl  ether.     Upson 29 

CgHgOoNCl.     Acetyl-2-amiuo-4-chlorphenol.    Upson 40 

CgHgOoNCl.     2-Amino-4-chlorphenyl  acetate.     Upson 36,40 

CgHnOjNS.     Dimettaylaniline-;>-sulphonic  acid.     IVillcox 453,  458 

CgHuOsNS.     Dimethylaniline  sulphur  trioxide.     IVillcox 450,452,  456 

CgHi304NS.     Dimethylphenylammonium  sulphate.     IVillcox 457 

5  VIII. 

CjIInONsSCl.     2-Methylmercapto-4-chlor-5-methj'l-6-e  thoxypyrimidi  ne. 

Wheeler  and  Jamieson 354 

CgHoflOeNsSoBa.     Barium  diethylsulphamate.     Willcox 462 

C9-GROUP. 

CsHgNo.    Phenylmalonic  nitrile.    Hessler 119 

C^HgO.    Cinnamic  aldehyde.    Garner 604 

CgHaOo.     Cinnamic  acid.     Garner 603 

CgHijOg.    Succinic  glutaric  peroxide  acid.     Clover  and  Houghton 64 

C9H10N2.    Acetonephenylhydrazone.    Johnson  and  Menge , 369 
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C9H13N.     Pseudo-curaidine.    Johmon  amA  Menge 365 

CgHnOj.    Isocampholactonc.    Noyes  ^nA  Taveau    290 

Also  the  silver  salt. 

C9Hi«04.     Kthj'l  ethylmalonate.     Wheeler  9.nd.  Jamiesoii 352 

3  IX. 

CsiHsNsAg.     Silver  salt  of  phenylmalouic  nitrile.     Hessler 125 

CsHsNoNa.     Sodium  salt  of  phenylmalonic  nitrile.     Hessler 124 

CgHvO.N.     Phenylcyanacetic  acid.     Hessler 127 

C9H;03N.     /«-Nitrosocinnamic  acid.     A Iway  and  Bonner 396 

CgHvOaN.    ^-Nitrosocinnatnic  acid.     A  Iway  and  Bonner 393 

CsHyO^N.     w-Nitrocinnaraic  acid.     A Iway  and  Bonner 396 

CgHvOiN.    /-Nitrocinnamic  acid.     AlTt/ay  and  Bonner 392 

CgHgONj.    Phenylcyanacetamide.     Hessler 122 

CsHgOsN.     Ethyl  m-nitrosobenzoate.     A  Iway  and  Gartner 401 

C9H9O3N.     Ethyl  ^-nitrosobenzoate.     Alway  and  Gartner 402 

CS1H9O3N.     Ethyl /-nitrosobenzoate.     Alway  and  Pinckney 399 

C»H904N.    Ethyl  w-nitrobenzoate.    Alway  and  Coriner 401 

CjHisON.     Aminolaiironic  anhydride.     Noyes  and  Taveau 287 

4  IX. 

CgHvOsXClo.    4, 6-Dichlor-2-nitrophenyl  ethyl  carbonate,     /'pton 30 

CgHeOsNCl.    4-Chlor-2-nitrophenyl  ethyl  carbonate.     Upson 23 

CtiHgOsNCl.    6-Chlor-2-nitropheuyl  ethyl  carbonate.     Upson 26 

CnHgOoNBr.    4-Broin-2-nitrophenyl  ethyl  carbonate.     Upson 28 

C9H9O5NS.    Methylbenzoylthioncarbamate.    Johnson  and  Men ge 364 

C9H9O3NCI2.    4,6-Dichlor-2-anjinophenyl  ethyl  carbonate.     Upson 30 

C9H9O3NCI2.    3,5-Dichlor-6-oxyphenylurethane.     Upson 31 

CeHioOaNCl.    4-Chlor-2-aniinophenyl  ethyl  carbonate.     Upson 23 

CgHioCVjNCl.    6-Chlor-2-aminophenyl  ethyl  carbonate.     Upson 27 

C9H10O3NCI.     3-Chlor-6-oxyphenylurethaue.     Upson 24 

CgHinOsXCl.     5-Chlor-6-oxyphenylurethaue.     Upson 27 

CgHioOsNBr.     4-Brom-2-aminophenyl  ethj-l  carbonate.     (Ipson 28 

CsHjoOsNBr.     3-Broin-6-oxyphenylurethane.     Upson 28 

CsHkjOsNI.    Jackson  and  Langmaid 302 

CsHitOjNCl.     Aminolaiironic  acid  hydrochloride,     .\oyes  and  ToTeau 287 

4    IX. 

CoHvOjNClBr.     4-Chlor-6-brom-2uitrophenyl  ethyl  carbonate.     Upson 31 

CgHgOsNClBr.     2-Araino-4-chlor-6-broniphenyl  ethyl  carbonate.     Upson 32 

CciHinOsNClBr.     3-Chlor-5-brom-6-oxyphenylurethane.     I'pson 33 

C,„-GROUP. 

Ci()H)40s.     Glutaric  peroxide  acid.     Clover  and  Houghton 65 

3X. 

C10H9O3N.     Methyl /-nitrosocinnamate.     Alway  and  Bonner 395 

CioHjOsN.    Methyl /-nitrosocinnamate.    Alway  and  Gartner 402 

C10H9O3N3.    Phenylacctylurazole.    Acree 607 

C10H9O4N.    Methyl /-nitrocinnamate.    Alway  and  Bonner 395 

CioHjoOnNo.    o'-Phenyl-/3-ethoxyfuro-a,^'-dia7,ole.    Johnson  and  Menge 370 

CjoHioOoNo.     a'-Ethoxy-P-phenylfuro-o.j8'-diazole.    Johnson  and  Afenge 371 

CioHiiOoNs-     i-Phenyl-3-ethoxyurazole.     Aoee 610 
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C10H11O5N.     2-Nitro-4-methylphenyl  ethyl  carbonate,     i'pion. 15 

CioHnOjN.    2-Nitro-5-methylphcnyl  ethyl  carbonate.     Vpson 20 

CioHnOsN.     2-Nitro-6-incthylpheiiyl  ethyl  carbonate.     Upson 21 
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